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PREFACE. 


This work is offered as a Manual of Experimental Chemistry for the 
use of beginners. The author has two classes of readers particularly in 
view, namely, Students attending Lectures or Lessons on Chemistry, 
and Schoolmasters who desire to teach the Elements of Chemistry, in 
Popular Lectures or Experimental Lessons. Both of these classes of 
readers will find useful information in the following pages. The author 
has endeavoured to elucidate most effectively those subjects which 
urgently demand the notice of beginners. Thus, he has given ample 
accounts of Air, Water, Earths, Acids, Useful Metals, and Common 
Salts, while subjects of less importance are passed unnoticed. 

The experiments selected to illustrate the subjects fixed upon are 
striking and convincing, and such as can be performed with facility and 
economy. The precautions necessary to insure success and safety are 
detailed; and, as far as possible, the experiments are exhibited by means 
of numerous figures of apparatus, many of which represent new and 
simplified instruments, specially intended to aid the researches of young 
chemists. This is particularly the case with apparatus adapted to 
micro-chemistry, or the art of experimenting on minute quantities. But, 
independently of the course of easy experiments, another series has been 
introduced, to explain the methods by which the most important facts 
of the science are demonstrated with precision. 

The chapters describing Elementary Experiments are written in a 
peculiar style, to show in what manner the elements of practical 
chemistry can be taught to large classes of students in schools. The 
chapter on the “ Qualitive Afflllysis of Salts is a sequel to the elemen- 
tary experiments. It is an Introduction to Analysis for the use of very 
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young chemists. After mastering these chapters, the reader will easily 
comprehend the use of the Tables of Tests given in subsequent chapters 
of the work. 

The Tables will be found to contain a mass of useful information, 
conveyed, I hope, intelligibly. 

The experimental portion of the work is not confined to chemical 
recreations or to . experiments of demonstration, but includes much 
information relating to analytical processes. In particular, it embraces 
an account of a new method of preparing test liquors of fixed strength? 
and of applying such liquors, by means of graduated decimal measures, 
to ^he rapid analysis of acids, alcalies, and salts. This method of 
testing is equally useful to students of chemistry and to persons pro- 
fessionally engaged in the chemical arts. Among the applications of 
which it is susceptible, is that of determining the strength and purity 
of the chemical preparations used in medicine. 

The author has the pleasing task of expressing his gratitude for the 
favourable reception accorded to nine preceding editions of this work ; 
and, on presenting the Tenth Edition, which he has endeavoured to 
render worthy of continued patronage, he indulges in the hope that it 
will still be found entitled to rank with books of practical utility. 

The work will be published in Three Divisions : — 

L Elementary Experiments. — General Doctrines of the Science; 
Introduction to Analysis ; Chemical Manipulation ; Centigrade 
Testing; Tables, 

IL The Metalloids and their Combinations with one another; 
Air; Water; The Gases; The Acids. With a Summary 
of Organic Chemistry^ 

III. The Metals and their Earths, Alcalies, Salts, and Ores. 
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INTRODUCTION. 


Chemistry is the science which makes known to us the properties of 
the component particles of all natui'al bodies. It treats of the various 
sorts of substances, and of the exact determination of their differences. 
It exhibits the means by which the component parts of compound bodies 
can be separated from one another, or by which the elements of com- 
pounds can be made to combine together. In fine, it shows by what 
contrivances the solid particles which constitute the material substances 
of the world can be most beneficially applied to the service of man. 

The objects of Chemistry are inexhaustible. It undertakes the 
examination of all bodies which act upon the senses, the solid 
matter of all animal, vegetable, and mineral substances. It seeks to 
determine the properties of those substances, the number and proportion 
of their component particles, the individual nature of those components, 
and the properties of all other compounds which can be produced by 
their combination. So infinitely varied are the objects of Chemistry 
that it is an everlasting source of occupation and amusement; and 
while, on this account, it receives the attention of the philosopher, it 
claims the notice of all men, from its utility in tlie arts which promote 
and support the comforts and existence of civilized life. 

The great importance of the science of Chemistry is rendered 
evident by the following considerations: — It is useful in explaining 
natural phenomena: for in diS^rmining the constitution of the atmo- 
sphere, in investigating the changes to which it is subject, the variations 
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the prospective commercial, or scientific, pursuits of the young student, 
there is, in the mental and moral discipline which its study afibrds, high 
inducements for making Chemistry a branch of general education. 

Methods of Chemical Research. — It has been demonstrated by 
the experiments of chemists, that the marvellous diversity of appearance 
under which bodies are presented to the eye, and the unceasing changes 
to which they are subject, are occasioned by the mutual reactions of a 
small number of unchangeable elementary particles. The distinctive 
properties of these particles, the nature of the phenomena which mark 
their reactions, the methods of causing them to combine, the properties 
of the resulting compounds, and the methods of decomposing these 
compounds, — are, consequently, the objects which the chemical student 
is called upon to investigate. 

There are two methods of proceeding in the acquisition of chemical 
knowledge; these are called analysis and synthesis. Analysis means 
the art of separating the constituents of compound bodies, — Synthesis, 
the art of forming compounds, by the putting together^ or effecting the 
combination^ of their component particles. Both analysis and synthesis 
are practically effected by the performing of certain processes or opera- 
tions, thence called chemical operations. 

The properties of natural bodies, whether they be simple or com- 
pound, native or factitious, can never be determined d priori; tliey can 
i>e discovered only by actual trial. When an unknown substance is 
presented to a chemist for examination, he submits it to certain trials, 
or performs certain operations upon it. He examines, for example, the 
relation of the unknown body to heat, light, water, acids, alcalies, and 
other liquids. These trials have particular names given to them, for 
the sake of convenience in the communication of knowledge. If a sub- 
stance is exposed to a red heat, the operation is termed ignition. If 
the substance melts ^ the operation is termed fusion. If the substance, 
on being put into water, dissolves or disappears, the operation is termed 
solution, and the resulting liquid is called a solution. If the solution 
is exposed to heat so as to cause the water to rise in vapour, the opera- 
tion is termed evaporation; or if the operation is so performed that 
the vapour is collected and reconverted into water, the operation is 
termed distillation. If, on the contrary, the solution, instead of 
being exposed to evapoiation, is mixed with some liquid which causes 
the production of a solid substance or powder, the opieration is called 
TBEOiPiTATiON ; and if means be taken to separate the solid powder 
from the residual liquid, by straining through a porous substance, this 
operation is termed filtration. 

The performance of these operations communicates to the chemist a 
certain degree of knowledge respecting vthe properties of the substance 
operated upon. If the substance does not melt when exposed to a 
strong degree of heat, it is said to be infusible. If it does not dissolve 
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when placed in a liquid, it is said to be insoluble. A description of the 
results of a series of such experiments, is the chemical character of the 
substance. We cannot account for the properties thus found to belong 
to a substance. No chemist can go farther than the ascertainment of 
simple facts. The sagacity of man is insufficient to determine why a 
given substance is soluble of insoluble, fusible or infusible. The nature 
of the power which causes fusion or solubility is unknown. And, 
indeed, this is the case with regard to all physical phenomena : t}ie forces 
which produce them are unknown to nmn^ except by their effects. 

The more numerous the operations performed upon a substance, the 
more accurate is the knowledge acquired respecting its properties : pro- 
vided the operations be suitably conducted. The properties of a sub- 
stance can never be wholly known. ^-Chemists begin with a single fact; 
their daily experience enlarges their knowledge : but, at the best, their 
acquaintance with the properties of any one body is but limited and 
imperfect. Not until a substance shall have been submitted to the 
action of every other substance, and under all possible variations of 
temperature, pressure, and so forth, will its properties be wholly 
determined; and that will never be. The knowledge we possess 
respecting the properties of known elements and their compounds, is, 
notwithstanding the labours of many industrious chemists, still 
extremely imperfect. No practical chemist, however young he may 
be in the science, can pursue his studies with even a moderate degree of 
zeal, without being enabled to add something almost daily to the existing 
stock of intelligence. The variety of unrecorded facts which continually 
strike the eye of an industrious experimenter, is indeed surprising. 

The first business of a young chemist is to make himself acquainted 
with what is already known, witli what has been already determined by 
the experiments of others. His next concern will be to learn something 
which no one else has yet discovered. 

Chemistry is a science founded so entirely upon experiment that no 
person can understand it fully unless he personally performs such experi- 
ments as verify its fundamental truths. The hearing of lectures, and the 
reading of books, will never benefit him who attends to nothing else ; 
for Chemistry can alone be studied to advantage practically. One 
Experiments well conducted, and carefully observed by the student, from 
first to last, will afford more knowledge dian the mere perusal of a whole 
volume. 

Different Classes of Experiments. — Chemical experiments may 
be divided, for convenience, into three sorts ; namely, Determinative, 
Demonstrative, and Productive. 

(a.) Determinative Experiments (Experiments of Research ). — If any ^ 
body brings me a substance, and desires to know the nature of it, I 
must make a determinative experiment ; in other words, 1 must submit 
it to analysis, or determine by experiment^ what it is composed of. 
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Chemical analysis is of two sorts, qualitive and quantitive. A 
qualitive analysis makes known the chemical nature of the constituents 
of a compound, but not the relative quantities of those constituents, A 
quantitive analysis makes known both the nature of the constituents 
and the exact quantity of each by weight. Experiments of this sort are 
also called experiments of research. No man can exeaite an analysis 
without previously acquiring a considerable share of chemical information* 
Before a qualitive analysis can be executed, it is necessary to become 
acquainted with the properties of all the known elements and their 
principal compounds, as well as with the methods of determining whether 
any of them, on a certain occasion, are present or ab.sent. The use of 
chemical tests or re-agents, depends upon the knowledge previously 
acquired, that particular bodies, in particular circumstances, act in a 
determinate manner. There is, for example, a liquid called oil of 
vitriol, I know that other liquids which contain certain substances in 
solution, upon being mixed with oil of vitriol, produce a precipitate. If, 
then, upon dissolving an unknown substance in water, and mixing the 
solution with oil of vitriol, I obtain no precipitate, I am certified that 
the substances alluded to are not present. It is evident, that unless I 
know beforehand what substances do give a precipitate with oil of vitriol, 
and what substances do not, it is useless to apply the test : because, 
whether I see a precipitate or not, I acquire no information. A vast 
number of other substances serve, as well as oil of vitriol, the office of 
chemical tests, and their employment in chemical analysis constitutes a 
very impoitant part of chemical study. In the subsequent pages, the 
reader will frequently find it stated by what diversity of tests a particular 
substance may be known to be present, and also for what other sub- 
stances any given compound is qualified to act as a test. 

In (][uantitive analysis something more has to be done. Supposing 
a chemist to know how to detect all the ingredients of a compound, sup- 
posing that he has detected them, he has, in quantitive analysis, the 
additional task of separating these ingredients from one another, of 
freeing them from every possible intermixture, and of determining their 
respective weights. In some cases, two substances can be separated 
from each other with ease; in other cases, the separation cannot be 
effected without great difficulty. The methods of separation depend 
altogether upon the properties of the particular substances which are to 
be separated, and can only l)e learned by studying those properties. 
But success also depends upon the skill of the chemist in the perform- 
ance of the numerous operations which occur in analysis. The fusions, 
solutions, . filtrations, and evaporations, require to be performed with 
extreme care. If a drop of liquid falls down, or an atom of 
powder is blown away, the whole experiment is spoiled, and the labour, 
probably of weeks, is frustrated. To perform an analysis with accuracy 
should be the object of a student’s ambition ; but if he wishes to attain 
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that object, he must not only industriously study the properties of 
chemical bodies, but continually accustom himself to manipulation, that 
he may become dexterous in the performance of those operations upon 
which the success of an analysis mainly depends. 

(b.) Demonstrative Experiments are of a different kind. They are 
employed in the communication of chemical knowledge. When a 
chemist has discovered anything new, he announces the discovery, and 
describes an experiment by which the tinth of his statement can be 
proved. This is a demonstrative experiment. There are certain sub- 
stances which, if heated at one end, very soon become hot at the 
other end ; these are said to be good conductors of heat. There are 
other substances which, on being heated at one end, are a long time 
before they become hot at the othir end ; such substances are called 
had conductors of heat. In general the metals are good conductors of 
heat, but the metal called platinum is a bad conductor of heat. The 
proof of this is easy. You take a short wire of platinum, hold 
it by the fingers at one end and place the other end in the flame 
of a spirit-lamp. You find that the heat comes to the fingers very 
slowly. This is a demonstrative experiment. As the students of a 
science must be supposed to be quite ignorant of its facts, it is the 
business of teachers to demonstrate the truth of their assertions by 
experiments, and accordingly lecturers on Chemistry commonly exhibit 
a great number of experiments. It would be in vain, however, to 
attempt, in a class, to demonstrate everything. Want of time forbids it. 
But a teacher should be careful not to state that as a chemical fact, 
which is incapable of proof hy a chemical experiment, 

(c.) Productive Experiments. — I have given this name to those 
experiments which have for object the production of chemical substances. 
The Pharmacopoeia is a collection of productive experiments, containing 
instructions for preparing or producing the chemical substances employed 
in medicine. It will be understood, of course, that many analytical 
and demonstrative experiments are also productive experiments ; but I 
understand by the latter term, those experiments only which are made 
for tlie express purpose of producing chemical preparations in quantities 
for use. Productive experiments on the small scale form an admirable 
exercise for young students. The preparation of the various acids, 
oxides, salts, sulphides, chlorides, iodides, &c., is capable of furnishing 
most useful information respecting the properties of those substances, 
and has the further beneficial effect of habituating the student to careful 
manipulation. A vast number of substances can be prepared in the 
small way with great facility, with the help of glass tul^s, small flasks, 
capsules, glass plates, <&c., in sufficient quantities to enable the operator 
to ascertain their properties and reactions with other substances. A 
student’s spare time cannot be more agreeably or usefully occupied than 
in preparing and examining compounds not previously familiar to. him 
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Portions of substances so prepared may be preserved in small glass 
tubes closed with corks. Productive experiments in the large way are 
those which produce the metals, salts, acids, alcalies, and other commo- 
dities of the druggist, the drysalter, the colour-maker, &c. 

MickO'Chemical Experiments.— The chemical properties of a sub- 
stance characterise equally the smallest portion of that substance, or the 
gi'eatest mass. That which can be demonstrated with a pound, can 
often be demonstrated with a grain. Hence, chemical experiments may 
be performed, either with large portions of matter, or with small 
portions ; and whether in any case a large or small portion should be 
operated upon, is a thing to be determined solely by expediency. In 
trade, where productive experiments are made with a view to obtain 
preparations for sale, the quantities operated upon are often extremely 
large, amounting to thousands of tons. In analysis, the quantity of a 
body submitted to a test weighs sometimes but the fraction of a grain. 
When a lecturer has to teach Chemistry to a large audience, he is 
obliged to make his demonstrative experiments upon a large scale, 
otherwise a majority of the persons present may not be able to perceive 
what takes place. And whenever a theory is built upon a single experi- 
ment, the lecturer should take particular care to make this experiment 
in such a manner that eveiy person present may see and comprehend 
it fully ; for if the demonstration is not made to tell^ the theory sinks 
unheeded, and the arguments grounded upon it are worthless. 1 give 
this hint to the members of Mechanics’ Institutions, who have lately 
adopted the useful practice of lecturing to one another. 

As the demonstrative experiments of the lecture-room are unavoidably 
scanty and unsatisfactory, the student who desires to know somewhat 
more of the science than he can learn there, must necessarily pursue his 
studies in the laboratory, either at home or in public. It is indis- 
pensably necessary, that he perform with his own hands the fundamental 
experiments of chemistry, in the best manner that his time, his af)paratus, 
and his means admit. He will find it of importance, in this case, to 
operate upon extremely small portions of matter ; for he will then not only 
save time and money, but often be enabled to perform a successful 
experiment, when, by operating upon a large mass, he would as 
certainly fail. The preparation of the gases, the formation and crys- 
tallisation of salts, the application of tests, and a thousand other enter- 
taining And instructive experiments, can all be performed by the student, 
better on a small scale than in the large way ; nay more, a student in 
his closet very frequently succeeds in performing an experiment which 
fails on the lecture-table of the professor; because the hurry and 
business of a lecture-room, produce unavoidable accidents. This, 
therefore, is a circumstance of whicl^^ the chemical student should 
be prepared to take every advantage. The faculty of experimenting 
with accuracy, facility, and eccaaomy, ought to be gained as speedily 
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as possible ; for it is upon that faculty that the progress of the young 
chemist is principally dependent. 

Different sorts of Chemical Substances. — All natural bodies are 
either simple or compound. Those substances are simple, which cannot, 
by any known method, be separated, decomposed, or divided, in such a 
manner as to produce particles different in their properties from one 
another, or from the original substances. On the other hand, those 
substances are compound, which experiment is capable of resolving into 
particles of an unlike nature. For a period of many centuries, and even 
till a very late date, there were four substances held to be simple or 
elementary. These were fire, air, earth, and ‘ water. Of these four 
bodies, all others were supposed to be constituted, though nobody could 
ever prove, or indeed ever tried to ‘prove, that this w'as the case. The 
system, however, continued to be orthodox until very lately, when 
three of these imaginary elements, namely, air, water, and earth, were 
proved to be compounds. But with respect to fire, it is still unknown 
whether it be simple or compound, or in what its essence consists, or by 
what causes its effects are produced. What the ancients considered to 
be simple bodies are no longer considered to be simple ; but in place of 
these substances, the chemists of modern times have elevated to the 
dignity of elements a far more numerous race. No one, however, dog- 
matically asserts now-a-days that the substances termed elements are 
absolutely of a simple nature. The term element intimates no more 
than that the body to which it is applied, has never, in the opinion of 
modern chemists, been subjected ^to decomposition — that it has never 
been divided into particles different from one another, or from the original 
substance. 

Chemical Elements. — According to the present views of chemists, 
there are sixty-one elements, or simple substances ; that is to say, sixty- 
one substances which individually differ in properties from every other 
substance, and which, by their various combinations, produce the diversi- 
fied compounds that constitute the material world, — animal, vegetable, 
and mineral. The names of these sixty-one elements are contained 
in the following list. I have added a few notes, to give the reader an 
idea of the relative importance and abundance of these elements, the state 
in which they exist in nature, and their classification into such as concern 
animal and vegetable substances, and such as do not. The properties of 
these elements, and the experiments which serve to separate them from 
other substances, and by which the separate identity of each is demon- 
strated, will be described in a subsequent part of this work. 

1. Oxygen. 3. Nitrogen. 

2. Hydrogen. 4. Carbon. 

These four elements are 0? extreme importance, and exist in great 
abundance. Oxygen and hydrogen are the sole constituents of Water, 
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Oxygen and nitrogen are the main constituents of Atmospheric Air. 
Hydrogen and nitrogen constitute Ammonia, which is formed in large 
quantities during tlie putrefaction and decomposition of animal and 
vegetable substances, ascends into the atmosphere, and, after thunder- 
storms, again falls to the earth, dissolved in rain. Oxygen and carbon 
constitute Carbonic Acid, which always exists in atmospheric air. It 
is from these substances that Vegetables are derived. The ammonia 
and carbonic acid are carried down by rain-water into the soil^ or pulve- 
rulent surface of the earth. The seeds and roots of plants decompose 
these compounds, and absorb their carbon, hydrogen, oxygen, and nitro- 
gen ; and the power of vegetation organises and converts them into new 
compounds, such as did not previously exist. These new vegetable 
substances consist for the greater part of carbon, hydrogen, and oxygen, 
and some of them of carbon, hydrogen, oxygen, and nitrogen. They 
serve afterwards as the food of Animals, those which contain nitrogen 
being the most nutritious. The process of digestion converts the vegeta- 
ble substances into animal substances, often with very slight change in 
chemical constitution, sometimes with none at all ; the process of diges- 
tion in such cases consisting of a mere solution of the substances operated 
upon. When animals die, their component substances suffer decomposi- 
tion, and reproduce their original constituents — water, ammonia, and 
carbonic acid — oxygen, hydrogen, nitrogen, and carbon. There is a 
constant circulation of the organic elements. Plants derive their means 
of nutriment from the air ; animals from plants ; and when the animals 
die, their components return to the atmosphere, to supply another 
generation of plants and of animals. These are mighty and wonderful 
transmutations, such as fill the mind with admiration and astonish- 
ment. 

The various other compounds that are produced by the combination of 
these four elements with one another, are too numerous to be mentioned 
in this list. I will name only a few of them : — Oxygen, hydrogen, and 
nitrogen, produce liquid nitric acid. Oxygen, hydrogen, and carbon, 
produce oxalic acid, citric acid (lemon-juice), and vinegar. Hydrogen 
and carbon produce the gas that is employed in gas-lighting. Hydrogen, 
nitrogen, and carbon, produce prussic acid. 

Carbon is found in nature pure in the diamond ; nearly pure in 
graphite ; and very abundantly in combination with hydrogen as coal. 


5. — ^SlLICON. 

This element in combination with oxygen forms sand, flint, quartz, 
siliceous earth — and is one of the most abundant substances in nature. 
In combination with oyijgen and potassium, forming silicate of potash, 
it enters into the constitution of straw (wheat-straw, cane, &c.) 
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6.— Aluminium. 

In combination with oxygen this element forms clay, or aluminous 
earth. It also forms part of many minerals, sometimes combined only 
with oxygen, more frequently with the addition of silicon. Though 
so useful in promoting the growth of plants, it enters but rarely and in 
small proportion into their composition, and never foims a constituent of 
animal substances. 


7. — Calcium. 

In combination with oxygen, this element forms lime or calcareous 
earth. In combination with oxygen and carbon it forms chalk, marble, 
calcareous spar, and the numerous :;arieties of limestone. This element 
enters into the composition of many plants, and of certain parts of all 
animals, particularly their shells and bones. 

The last three elements, in combination with oxygen, and mixed with 
one another, form the main portions of all the different kinds of soils and 
rocks, siliceous, aluminous, and calcareous. All other elements that occur 
in soils, exist in much smaller quantities than these, though some of 
tliem are yet more indispensable than they are, to promote the geneml 
growth, or the production of particular parts, of plants. 

8. — Chloeine. — 9. Sodium. 

These two elements constitute the compound called sea salt or 
kitchen salt, a white substance used to season food, to preserve animal 
substances from putrefaction, and often also as a manure to promote the 
growth of plants. It is the chief saline matter of sea water, and it also 
exists in the state of a mineral. 

The chlorine in combination with hydrogen forms muriatic acid, or 
spirits of salts ; in combination with hydrogen and nitrogen it forms the 
salt called sal-ammoniac. 

The sodium in combination with carbon and oxygen forms the 
detergent commonly called soda, or chemically, carbonate of soda. 
Sodium exists in a great number of plants, and chloride of sodium is 
found in many animal substances. 

10. — Potassium, 

This element is a constituent of the mineral felspar, and therefore one 
of the components of the granitic rocks, which form tlie great mass of 
the earth. It is indispensable for the growth of many plants. The 
wood of all trees contains it ; and no tree can flourish in a soil which is 
l^vithout potassium. When wood is burat, and the ashes washed, a 
salt is obtained which is terme^V potash, or pearl ash. This consists of 
potassium, oxygen, and carbon. The juice of the plant called sorrel^ 
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contains a salt termed oxalate of potash. This consists of potassium, 
oxygen, and carbon, and hence this plant cannot grow in a soil which is 
free from potassium. The stems and leaves of the graminege contain 
silicate of potash, which consists of the elements silicon, oxygon, and 
potassium. In general, soils derive this element from the docomf>osition 
of felspar, or of other stones that contain it ; but of late, it has been 
added artificially, by using as a manure the salt called nitrate of potash 
(saltpetre), which is a compound of oxygen, nitrogen, and potassium. 
This salt renders soils very fertile, because it adds to them two sub- 
stances, both of which are highly beneficial to plants, namely, nitrogen 
and potassium. 

1 1 . — Sulphur {Brimstone), 

In many parts of the world, as near Paris, in Derbyshire, &c., there 
are found large masses of a mineral called alabaster, gypsum, selenite, 
sulphate of lime, plaster of Paris, &c. This mineral consists of oxygen, 
calcium, and sulphur. The same substance is found dispersed in many 
soils, dissolved in most springs, rivers, and seas, and forming a limited 
part of many plants. Sulphur occurs in a free state near volcanoes, 
and in combination with many metals, in the ores termed pyrites. 
Thus, the very abundant golden-looking mineral called in Scotland slate 
diamonds, or iron pyrites, consists of sulphur in combination with iron. 
Sulphur combined with oxygen and hydrogen form the strong acid 
termed oil of vitriol, or sulphuric acid. It is a constituent, in small pro- 
portions, of many of those vegetable productions, which, in consequence 
of their containing nitrogen, afford nutritious food, namely, the substances 
called fibrin, albumen, casein, and gluten. It is very often present in 
small quantities in animal substances. It is a constituent of horn and of 
hair, and it is always present in eggs. The peculiar odour of rotten 
eggs is due to a compound containing sulphur and hydrogen. 

12. — Phosphorus. 

A few minerals are found that contain a considerable quantity of this 
element. Thus, phosphate of lead, found at Leadhills, contains oxygen, 
phosphorus, and lead. Apatite contains oxygen, calcium, chlorine, and 
phosphorus. In very many other minerals, a small proportion of this 
element occurs ; so much so, that phosphorus occurs in most soils, and, 
in some state of combination, as phosphate of lime, phosphate of 
magnesia, &c., in many vegetables. From vegetables it passes into 
animals, of which probably none can live without phosphonis, since it 
not only exists in fheir liquid or soft parts, but is indispensable for the 
bones of the vertebrated animals, and the shells of the crustaceous. 
The earthy matter of bones consists chiefly of the elements phosphorus, 
calcium, and oxygen ; and shells commonly contain the same elements, 
with the addition of carbon. This is the reason why ground bones and 
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shells form an excellent manure for soils. The odour of decaying fish is 
probably due to the presence of a compound containing phosphorus. 

13. — ^Magnesium, 

This element exists in abundance in the mineral called magnesian 
limestone, pretty largely in many rarer minerals, in small quantity in a 
great number of other minerals, and as a constant constituent of the 
saline matter of the ocean. From these sources it finds its way into 
most soils, thence, in small proportions, into many plants, and from 
them into animals. It is a constituent of blood and of bones. In the 
state of phosphate of magnesia and ammonia, it is found in the seeds of 
the gramineai ; and the potato con^dins a considerable quantity of phos- 
phate of magnesia. It is an element, the knowledge of which is im- 
portant to the agriculturist, as it appears to be often injurious to vegeta- 
tion ; yet, for the reason given above, it greatly promotes the growth of 
the potato plant. It is well known in medicine, for, in combination 
with oxygen and sulphur, it forms the bitter purgative substance called 
Epsom salt, or sulphate of magnesia, and, in combination with oxygen 
alone, the earth termed magnesia. 

14. — Iron. 

The most abundant and the most widely-diffused of all the metallic 
substances. It occurs in combination with oxygen as ochre, ironstone, 
&c.; with sulphur as pyrites ; with carbon and oxygen as carbonate of iron, 
and this in combination with clay as clay-ironstone, a mineral of great 
abundance and importance in England and Scotland. It occurs, also, in 
many other forms of combination, too numerous to detail. It is the 
ordinary colouring matter of earths and soils. In minute quantities, it 
enters into all vegetables and animals. It is a constituent of the blood. 

15. — Manganese. 

This element, combined with oxygen, produces a black substance 
termed peroxide of manganese, a mineral which occurs in large quantities. 
Manganese forms many others minerals, and occurs in small quantities as 
the colouring matter of many more. It is found in plants in very small 
quantities, and but rarely in animals. 

16. — Iodine. 

Exists in sea- water, and enters into the composition of sea- weeds, 
sponges, &c. 

17. — Fluorine. 

Known chiefly as a component of the mineral called Fluorspar, in 
which it is combined with calcium. It occurs in some other minerals, 
and has been found in the bones of animals. 
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The foregoing elements all enter into the composition of plants, and 
most of them into the composition of animals. In contradistinction to the 
organic elements, namely, the four elements, oxygen, hydrogen, carbon, 
and nitrogen, the others, from No. 5 to No. 17, are termed the inorganic^ 
or mineral constituents of plants. These inorganic elements occur in 
plants in very small proportions relatively to the proportions of the 
organic elements ; yet they are not less essential than the latter to the 
development and growth of the plants, so much so, that soils in which 
particular mineral constituents do not exist, are absolutely sterile in 
regard to the vegetation of plants which require these particular con- 
stituents, notwithstanding the presence of any excess of organic manure. 

The following elements belong exclusively to inorganic nature. They 
form no part of plants or animals, nor are they useful in promoting the 
growth of either class of organized bodies. 


18. Gold. 

19. Silver. 

20. Copper. 

21. Lead. 

22. Tin. 

28. Bismuth, 

29. Cobalt, 

30. Nickel. 

31. Chromium. 

32. Palladium. 

33. Cadmium. 

34. Molybdenum. 

35. Uranium. 

36. Vanadium. 

37. Tungsten. 

47. Cerium. 

48. Terbium. 

49. Erbium. 

50. Didymium. 

51. Lantanium. 


23. Zinc. 

24. Mercury. 

25. Antimony. 

26. Arsenic. 

27. Platinum. 

38. Tellurium. 

39. Pelopium. 

40. Niobium. 

41. Tantalium. 

42. Titanium. 

43. Osmium. 

44* Rhodium. 

45. Iridium. 

46. Ruthenium. 

52. Thorium. 

53. Zirconium. 

54. Yttrium. 

55. Glucinum. 


Well-known common metals, 
' which occur in pretty con- 
siderable quantities. 

\ 

Metals, — rarer, less known, 
and less used than the fore- 
going. Those which are most 
abundant and most used are 
the first seven in the list. 


I 

I 


Metallic bases of rare earths, 
seldom separated from vheir 
ores, and when separated ap- 
plied to no use. 


56. Strontium, 

57. Barium. 

58. Lithium. 


( Metallic bases of alcaline earths. Barium 
occurs plentifully in the mineral called Heavy 
Spar. It is chiefly used in chemical experi- 
ments. Lithium is extremely rai*e. 


59. Boron. The base of the boracic acid. 

60. Selenium. Rare ; resembles sulphur in many of its properties. 

61. Bromine. Resembles chlorine in iijany of its properties. Is em- 

ployed in the arts to a certain extent. Occurs in sea-water, and 
in some salt springs. 
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The Cause of Chemical Combination, — When the elementary 
bodies are placed in contact under particular circumstances, they miite 
or combine together, and produce compound bodies. Some combina^ 
tions are ejected very readily, and some with great difficulty, and there 
are certain elements which can scarcely by any means be made to com- 
bine. The compounds produced by the combination of the elements, 
possess properties very different from those of the elements of which 
they are composed. The power, in virtue of which simple bodies 
can combine and produce compounds, is one of which the nature is 
totally unknown to man. Chemists have learned no more than that 
simple bodies, or bodies supposed to be simple, do combine ; but WHY 
they combine^ or what it is which makes them combine, they have not 
discovered. 

It is sometimes stated that certain bodies combine with one another, 
because they have an affinity for one another, and that these bodies 
which do not combine together have no affinity for each other ; and it is 
thence argued that chemical affinity is the cause of combination. 

Now, it is convenient to have a term to denote that kind of attraction 
which binds together the elements of a chemical compound, as distin- 
guished from that physical attraction which makes the particles of all 
bodies cohere. Using the word cohesion to denote this latter quality, we 
may use the word affinity to signify the former. But we must bear in 
mind, that by so doing, we merely give a mme to a phenomenon, not 
an explanation of it. 

Varieties of Compounds. — Acids, Bases, Salts, ^c. The Chemical 
Elements are classed into two groups, the metals and the metalloids. 
The line of demarcation is not very distinct, but the following elements 
are commonly called metalloids : — 

1. Oxygen. 7. Chlorine. 13. Silicon. 

2. Hydrogen. 8. Bromine, To which some 

3. Nitrogen. 9. Iodine. chemists add 

4. Sulphur. 10. Fluorine. 14. Arsenic. 

5. Selenium. ii. Carbon. 15. Tellurium. 

6. Phosphorus. 12. Boron. 

The residue of the elements belong to the group of metals. 

Oxygen, in combining with another element, produces an oxide. 
When this combination occurs with a metalloid, the compound is an acid; 
when it occurs with a metal, it is commonly a base ; and the acids and 
bases thus produced combine with one another to form salts. Thus 
the salt called sulphate of soda, -is held by the prevalent theory of 
chemistry to contain sulphuric acid and soda. The sulphuric acid is 
composed of oxygen and sulphur (a metalloid), and the soda of oxygen 
and sodium (a metol). * 

There is, however, another class of salts, which are produced by direct 
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combination between the metals and some of the metalloids, without the 
incorporation of oxygen. Thus, kitchen salt is a compound of chlorine 
and ^ium ; fluorspar is a compound of calcium and chlorine ; and iron 
I>yrites is a compound of iron and sulphur. The chemical names of these 
compounds are chloride of sodium, fluoride of calcium, and sulphide oi 
iron. 

The compounds produced by hydrogen are very variable in their 
chamcters : with oxygen it forms the mild compound we call water ; 
with chlorine it forms muriatic acid ; with nitrogen it forms the alcali 
ammonia ; with oxygen and metalloids together it produces strong 
acids, as nitric acid and sulphuric acid; with oxygen and metals 
together it produces alcalies, as caustic potash, caustic soda, and slaked 
lime. These explanations are given in a general sense. There are many 
exceptions to these rules. It is impossible to describe in a few sentences 
the diversified actions of the chemical elements. 

The Cause of Chemical Decomposition, — When chemical com- 
poui]ds are strongly electrified, they sufler decomposition, and the 
liberated atoms of their constituents appear, partly at the positive pole, 
and partly at the negative pole, of the electric apparatus. Those which 
appear at the positive pole are denominated electro-negative elements, 
and those which appear at the other pole, electro^positive elements. It 
is found that every element is negative towards a portion of the elements, 
and positive towards the rest. 

The manifestation of electrical appearances at the moment when an act 
of combination or decomposition is effected, throws no light upon the 
nature of the force which makes the elements combine. We see 
nothing more than the phenomena by which the acts of combination 
and decomposition are attended. 

When a number of chemical elements are set at liberty in juxtaposi- 
tion, those combinations take place, which produce such compounds as 
can best exist under the circumstances in which the occurrence is brought 
to pass. The same elements brought together at a low temperature, at 
a medium temperature, and at a high temperature, produce difierent 
compounds, i. e., they produce such compounds as can bjest exist under 
the circumstances of the trial, 

If a compound, consisting of a powerful electro-negative element and 
of an indifferent element, i. 0., of one possessing no very marked elec- 
trical powers, be brought into contact with a powerful electro-positive 
element, decomposition is immediately effected, and those two elements 
which exhibit the antagonistic electricities most strikingly, combine, to 
the exclusion of the other. The very neutral compound produced 
by the combination of an electro-positive with an electro^negative element, 
can better exist in presence of an in^fferent element, than the semi- 
neutral compound composed of an indifferent in combination with an 
electro-negative^ can exist in presence of an electro-positive. In the one 
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case, the electrical power is partially at rest; in the other, its dispersive 
influence is in full operation. 

When compounds are placed in juxtaposition, in a state fitted for 
chemical action, as, for example, in solution of water, they are observed 
to decompose each other^ provided that, by doing so, they can give 
origin to other compounds, more capable than the original compounds 
of emerging from the sphere of each other’s action ; otherwise, they 
cfo not decompose each other. If, for example, we put together two 
soluble salts, of such a nature as to give rise, by an interchange of their 
antagonistic electrical elements, that is to say, of their acids and hases^ 
to two other salts of the same degree of solubility, then no decomposi- 
tion takes place. But if, on the other hand, we place together two 
salts of such a nature, that the interchange of their antagonistic electrical 
elements can produce a salt of less solubility than the original salts, then 
decomposition is effected, — let the insolubility of the new salt result 
from its tendency to assume either the sohd form or the gaseous. 

Hence we draw a rule useful in practice : — Two saline compounds in 
solution being given., if the base of the one can produce., with the add of 
the other, a compound insoluble in the water of the given solutions, then, 
upon mixing the solutions, predpitation will occur. 

For example, the compound called sulphate of barytes is insoluble in 
aqueous solutions of the sulphates and chlorides. If, therefore, we mix 
a solution of chloride of barium with a solution of sulphate of soda, the 
sulphur and oxygen of the latter combine with the barium of the former, 
and precipitate in the state of sulphate of barytes — leaving chloride of 
sodium in the supernatant solution. 

A mixture of borate of soda and sulphuric acid produces, at a red 
heat, borate of soda and sulphuric acid ; but at the heat of boiling water 
and in solution it produces sulphate of soda and boracic acid. In the first 
case, the sulphuric acid separates by volatilization ; in the second case, 
the boracic acid separates by precipitation. Thus the proximate consti- 
tuents aflbrded by the decomposition of compounds are different under 
different circumstances of decomposition. If the two original compounds, 
and the two compounds capable of being produced by the interchange 
of their antagonistic electric elements, were all equally fixed in the fire, 
and equally soluble in water, there would be no decomposition. 

Vain, therefore, is the attempt to effect double decomposition, ex- 
cepting where it can produce new compounds, self-empowered to get 
readily out of each other’s vicinity; but when this is provided for, 
decompositions are readily and constantly effected. Whenever we 
desire to know, whether or not there will be a precipitate produced 
when two given saline solutions are mixed together, we do not require 
to look at what have been termed tables of affinity, we only need to 
examine whether the two given^soluble salts can, by exchanging their 
acids and bases, produce an insoluble salt. If they can, then there will 
certainly be a precipitate produced when the solutions are mixed together. 

0 
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CHEMICAL EQOlVALENTa 

Thk following Table exhibits the chemical equivalents or combining 
proportions of all the Elementary Substances and of many important 
compounds, with the arrangement of symbolic formulae which indicate 
the presumed composition of the compounds. The theory of chemical 
combination will be examined in a subsequent section, in which also the 
laws respecting symbols and formulae will be explained. In the mean- 
time, this table is given to supply the reader with a mass of useful 
facts, to which it will frequently be necessary to refer. 

In making Experiments with the substances named in this table, 
those proportions are to be taken by weight which are quoted in this 
table ; attention being duly paid to those compounds in which elements 
occur in double equivalents, and which possess a twofold power of 
saturation. Thus, one equivalent of caustic potash KHO, weighing 56, 
neutralises one equivalent of hydrochloric acid HCl, weighing 36*5, 
producing one equivalent of chloride of potassium KCl, weighing 74-5, 
and one of water H,HO, weighing 18. But one equivalent of car- 
bonate of potash KKCOh weighing 1 38, neutralises two equivalents of 
hydrochloric acid HCl-f-HCl, weighing 73, and produces two equivalents 
of chloride of potassium KCl-j-KCl, weighing 149, one equivalent of 
^v^ater HHO, weighing 18, and one equivalent of carbonic acid, weigh- 
ing 44. The carbonates all possess this double saturating power, and 
are said to be Bibasic, 

The weights, given in the table, are all relative one to another. 
They may be grains, or pounds, or tons. What absolute quantities of 
substances are to be used in any given operation, depends upon the 
object for which the operation is performed. In another section of this 
work, where I describe the preparation of Equivalent Test Liquors, it 
is recommended that when the Equivalent of any substance is taken in 
English Grains^ it shall be called a Test Atom. By this means, the 
relative quantities which are represented by the numbers in the table, 
are, for experimental purposes, converted into absolute quantities. 

The names that are given in the following list are, generally, those 
by which the respective substances are usually designated; but the 
formulae which represent their composition are written in accordance 
with the ‘‘Radical T'heory,’* which theory is developed in a subse- 
quent section. It follows, as a consequence of the transitional state in 
which theoretical chemistry is now placed, that these names and for- 
mula sometimes convey different theoretical opinions. 

The reconcilement of these diflerences will be attempted in subse- 
quent discussions on special points of theory. 

The FormulcB and Equivalents of fiaseous Substances are given in 
the Table at page 141. 
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Acetic Acid .... 

— Anhydrous . . . 

Acetone 

Acetyl 

Aconyl 

Acryl 

Adipic Acid .... 

Adipyl 

Alcohol 

Aldehyde 

Alumina 

— Tersiilphate . . . 

Aluminic radical . 
Aluminous radical . . 

Alum, Ammonia, cryst. 
Alum, Potash, cryst. 
Amidogen .... 
Ammonia 

— Carbonate {in solution) 

Bicarbonate . . 


CH^C^H^O 

C^H 

H,C^H 50 

H,C^H50 

AlcAlcO 

AlcSO^ 

Ale ‘ 

A1 

NH^SO* 4- 3 A IcSO* 4 Aq* 
KS0^43AlcS0^4Aq^^ 

NH%H 

NHSNH4;C05 

H,NH 4 ;C 05 


Sesquicarbonate (in sol) (H,NH'^;CO^)*4NHsNH'*;CO^ 254 

— Hydrochlorate .... NH%H4HC1 53 

— Molybdate NH 4 ,Mo 02 98 

— Nitrate NH^,NO^ 80 

— Oxalate NH^,CO^ 62 

— Sulphate NH 4 ,SO^ 66 


— Soda-Phosphate .... NH^,Na,H;PO+ 4 Aq‘* 

Ammonium NH^ 

— Chloride NH^Cl 

— Iodide NHM 

— Sulphide NH^,S 

Bisulphide .... H,NH4;S* 

Amyl (Salts of, see page 142 ) C^H” 

Aniiin NH,C«H5;H 

Antimony = Sb (Stibous), and Sbe (Stibic), radicals. 

Stibic radical Sbe 

— Teroxide SbeSbeO 

— Hydride (Antimoniuretted Hydrogen) HSbc 

— Terchloride SbcCl 

— Tersulphide SbeS 

— Antimoniate ..... Sbc^SbO'^ 

— - Tai’trate Sbc^C^H^O^ 

-Potash-Tartrate .... K,a"H* 034 Sbc 3 ,C*H *04 
Stibous radical Sb 

— Pentachloride .... SbCP,Cl . 
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UU£imL’ALi J£;gUiVALi!iiNm 


Bisrauthous Oxychloride . 

. BiClO 

261.5 

Bismuthic radical , , • 

, Bic 

70. 

— Oxide 

. BicBicO 

156. 

— Terchloride .... 

. BicCl 

105.5 

— Teriodide 

. Bid 

197. 

— Nitrate 

. Bic^NO^ 

288. 

Temitrate . . . 

. BicNO* 

152. 

— Tersulphide . , . . 

. BicS 

.86. 

Bleaching Powder . . . 

. CaCl,HO+CaHO 

109.5 

Boracic Acid 

. HBO 

20.5 

— Anhydride .... 

. BBO 

23. 

Boron 

. B 

3-5 

— Chloride 

. BCl 

39 - 

— Fluoride 

. BF' 

22.5 

Bromic Acid 

. HBrO» 

129. 

Bromhydric Acid ... 

. HBr 

81. 

Bromine 

. Br 

80. 

Butyl 

. C^H’ 

57 - 

Butylic Alcohol .... 

. H,C^H 90 

74 - 

Butyryl 

. C^H’ 

55 - 

Butyric Acid 

. H,C^H’0* 

88. 

— Anhydride .... 

. C'^H’,C^H ’05 

158. 

Cadmium 

. Cd 

56. 

— Oxide 

. Cd,CdO 

128. 

— Bromide 

. CdBr 

136, 

— Nitrate 

. Cd,N 05 

118. 

— Sulphate, cryst . . . 

. Cd,S 0 ^ 4 *Aq» 

140. 

— Sulphide 

. CdS 

12. 

Calcium ...... 

. Ca 

20. 

— Oxide (Quick-lime) . . 

. Ca,CaO 

56. 

— Hydrated Oxide . . . 

. Ca,HO 

37 - 

— Chloride 

. CaCl 

55-5 

aryst, ..... 

. CaCl+Aq» 

109.5 

— Fluoride 

. CaF 

39 - 

— Sulphide 

. CaS 

36. 

Caproyl 

. C^H” 

83. 

Caproic Acid ..... 

. H,C6H*K)> 

116. 

Capryl 

. C 8 H *5 

in. 

Caprylic Acid .... 

. H,CW 50 a 

144. 

Carbon 

. C 

12. 

Carbonic Acid .... 

. CO* 

44. 

Carbonic Oxide .... 

. CO 

28. 

Carbon, Sulphide . . . 

. cs* 

76. 

Cerous radic^, Ce, 46. 

•Ceric radical, Cec 

30.66 

Cerotyl ...... 


377. 
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Cerotic Acid 


410. 

Ceryl 

C"H 5 s 

379 - 

Cetyl 


225. 

Chlorine 

Cl 

35-5 

Chloric Acid 

HCIO^ 

84.5 

Chlorhydric Acid .... 

HCl 

36.5 

Chloroform 

H,ca 5 

119.5 

Chromous radical .... 

Cr 

27. 

— Chromic Acid {in solution). 

HCrO^ 

60. 

— — Anhydride .... 

Cr,CiO» 

102. 

— Oxychloride ..... 

CrClO 

78.5 

Chromic radical 

Cre 

18. 

— Sesquioxide 

CrcCrcO 

52. 

Cinnamic Acid 

H.OH’O* 

148. 

Cinnamyl 

mv . 

115. 

Citric Acid {trihasic) . . . 

HHH;C‘H 50 ’ 

192. 

commercial crystals . . 

HHH:C^H 50 ’ 4 -Aq 

210. 

— as a tnple acid .... 

H,C^H= 0 ’ + 2(H,C^HO») 

192. 

Cobaltons radical .... 

Co 

29.5 

— Oxide 

Co.CoO 

75 - 

Cobaltic radical 

Coc 

19.66 

— Oxide (Sesquioxide) . . 

Coc,CocO 

55-33 

Copper = Cu (Cuprous), and Cue (Cupric), radicals. 


Cuprous radical 

Cu 

63.5 

~ Oxide (Red Oxide) . . . 

Cu,CuO 

143. 

— Chloride (Protochloride) . 

CuCl 

99. 

— Sulphide 

CuS 

79-5 

Cupric radical 

Cue 

31-75 

— Oxide (Black Oxide) . . 

Cuc,CucO 

79-5 

— Acetate, cryst 

Cuc,C“H» 0 “+ 4 Aq 

99-75 

— Chloride (Perchloride) . . 

CucCl 

67.25 

— Nitrate 

CucNOJ 

93-75 

— Sulphate, cryst .... 

CacSO>+2Mq 

124.75 

— Sulphide 

CucS 

47-75 

Cumenyl 

C"H“ 

119. 

Cuminic Acid 


164. 

Cumyl 

C.oH« 

131. 

Cyanic Acid 

H,CNO 

43 - 

Cyanogen 

CN or Cy 

26. 

C^anhydric Acid .... 

H,CN 

27. 

Didymium 

D 

48. 

Etlir (Sulphuric) .... 

C»H 5 ,C^H 50 

74 - 

Ethyl (Salts of, see page 14*5) 

C*H 5 

29. 

Fluorine 

F ® 

19. 

Formyl • 

CH 

13 - 
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Formyl, Formic Acid . 

, 

. H,CHO^ 

46. 

— Pyroffallic Acid . , 

, 

. CH,CHO 

42. 

Gallic Acid, cryst. . HSC’HsO* = H,C 3 HJO»+ 2H,C^HO^ ? 

188. 

Gliicinum « . . . . 

. 

. G 

4-7 

Glucina 

, 

. G,GO 

25.4 

— Sulphate .... 

, 

. GSO* 

52.7 

Glycerine (tribasic) . . 

• 

. HHH,C^H^^O^ 

92. 

Glycyl 

. 

. C’Hj 

41. 

Gold = An (Anrous), and 

A lie (Auric), radicals. 


Aurous radical . . 


. An 

196.5 

— Chloride .... 


. AuCl 

232 . 

Auric radical .... 


. Auc 

65.5 

— Chloride .... 


. AiicCl 

lOI . 

— Sodium-Chloride 


. NaAuc^CP 

3 ^ 1-5 

Gra])e Sugar .... 


. CH^O 

30. 

Heptvl 


. C'H ^5 

99. 

Hexvl 


. C^'H^^ 

85. 

Hydriodic Acid . 


. HI 

128. 

Hydrobromic Acid . . 


. HBr 

81. 

Hydrochloric Acid . . 


. HCl 

36.5 

Hydrocyanic Acid • . 


. H,CN 

27. 

Hydrofluoric Acid . . 


. HF 

20. 

Hydrofluosiiicic Acid . 


. HSi^F^ 

72. 

Hydrosulphuric Acid 


. HS 

17. 

Hydrogen 


. H 

I . 

— Oxide (Peroxide) 


. HO 

17- 

— Binoxide (Ozone) . 


. HO* 

33 - 

Indifco l^>lue .... 


. NH*,C^H^O 

131. 

— White 


. NH 4 ,C^H 504 .NH%C«H 30 

264. 

— Sulphate .... 


. NH,C 8 H 5 ;SO^-fHSO* 

211 . 

Indyl 


. 

99. 

Iodic Acid 


. HI 05 

176. 

Iodine 


. I 

127. 

Iridous radical, Ir, qq . 


Iridic radical, Ire 

66. 

Iron = Fe (Ferrosum), and Fee (Ferricum). 


Ferrous radical • . . 


. Fe 

28. 

— Oxide (Protoxide) . 


. Fe,FeO 

72. 

— Carbonate .... 


. FeFe,CO^ 

116. 

— Chloride .... 


. FeCl 

63.5 

— Iodide 


. Fel 

155 - 

— Sulphate .... 


. FeSO= 

76. 

C 7 yst, .... 

— Ammonium-Sulphate 


. FeSO*4-3-JAq 
. FeSO%NH 4 SO* + Aq 5 

139. 

196. 

— Sulphide , . , , 


.•FeS 

44 - 

Bisulphide , . 


. FeS* 

60. 



24 


CHEMICAI. EQUIVALENTS. 


Ferrous Ferric Oxide . . • 

FeFec^O® 

Ii6. 

Ferric radical 

Fee 

18.66 

— Acetate 

Fec,C“H* 0 » 

77.66 

— Oxide (Sesquioxide). . . 

Fec,FecO 

53 - 3 ? 

— Chloride 

FecCl 

54.16 

cryst 

FecCl+Aq‘ 

90.16 

— Sulphate 

FecSO’ 

66.66 

— Ammonium-Sulphate • . 

FecSOSKH'iSO'+Aq 

150.66 

— Sulphide 

FecS 

34.66 

— Acid 

HjFec^O^ 

121 . 

Lactic Acid 

H,C’H 505 

90. 

Lantanum 

La 

46. 

Lauryl 

C“H ^5 

167. 

Laurie Acid 


200. 

Lead . 

Pb 

103.5 

— Yellow Oxide (Litharge) . 

Pb,PbO 

223 . 

— Red Oxide 

Pb^O' 

342.5 

— Orange Oxide • . . . 

Pb^O^ 

462. 

— Brown Oxide .... 

PbO 

119.5 

— Acetate 

Pb,C^H 30 ^ 

162.5 

cryst 

Pb,C“H 30 ^+i^Aq 

189.5 

— Carbonate 

PbPb,TO 5 

367. 

Basic (White Lead) 

HPb 3 ,CO^ 

387-5 

— Chloride 

PbCl 

139. 

— Chromate 

PbCrO* 

162.5 

— Fluoride 

PbF 

122.5 

— Iodide 

Pbl 

230-5 

— Nitrate 

PbNO* 

165.5 

— Oxalate 

PbCO* 

H 7-5 

— Sulphate ...... 

PbSO^ 

151.5 

— Sulphide ...... 

PbS 

119.5 

Lime (Calcium Oxide) , . . 

Ca,CaO 

56. 

— Hydrate (Slaked Lime) 

CaHO 

37 - 

— Acetate, anhydrous . . . 

Ca,C^H*0^ 

79 - 

— Carbonate 

CaCa,C 05 

100. 

— Chloride 

CaCl.H 04 *CaH 0 

109.5 

— Citrate, anhydrous . . . 

Ca 3 ;C^H 50 ^? 

249. 

— Nitrate, cryst, .... 

Ca,N 054 ’Aq* 

118. 

— Oxalate, anhydrous . . 

CaCO" 

64. 

cryst 

CaCO^-f Aq 

82. 

— Phosphate 

Ca<,P^O’ 

254. 

cryst 

Ca^PW.f.Aq+ 

336, 

Bom-earth .... 

Ca*,Pp^ 

155- 

— Sulphate 

Ca,S(P 

68. 

— Sulphate, cryst. (Gypsum) , 

Ca,SO^+Aq 

86 . 
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Lithia 

. . L,LO 

29. 

Lithium ..... 

. . L 

6.5 

Magnesia (calcined) . . 

. . Mg,MgO 

40. 

— Carbonate .... 

. . MgMg,CO* 

84* 

— Phosphate. , . . 

. . Mg<,P»0’ 

222. 

— Sulphate .... 

. . MgSO^ 

• 60. 

cryst 

. . Mg 80 H 34 Aq 

123. 

Magnesium .... 

. . Mg 

12. 

— Chloride .... 

. . MgCl 

47-5 

Maleic Acid .... 

. . H,C*HO* 

58. 

Maleyl 

. . c^p 

25. 

Malic Acid (hibam) 

. . H*,C^H 405 

134. 

— as a double acid . . 

. .=H,C'H» 0 ’+H,C“H 0 * 

134. 

Manganous radical . , 

. . Mq 

27.5 

— Oxide (Protoxide) . 

. . MnMnO 

71 - 

(Peroxide) . . 

. . MnO 

43-5 

— Chloride .... 

. . MnCl 

63. 

— Manganic Acid . . 

. . HMnO^ 

60. 5 

— Sulphate, cryst. 

, . MnSO*4-3iAq 

138.5 

Manganic radical . . 

. . Mnc 

18.33 

— Oxide (Sesquioxide). 

. . MncMncO 

52.66 

— Red Oxide . . . 

. . MnMnc^O* 

114.5 

Manganite . . 

. . HMnc^O* 

88. 

— Chloride .... 

. . MncCl 

53-83 

— Permanganic Acid . 

. . HMnc’O^ 

120. . 

Margaryl 

. . C^’H” 

237. 

Margaric Acid . . . 

. . H,C*’H 330 ^ 

270. 

Marsh Gas .... 

. . CH 3 ,H 

16. 

Mercaptan .... 

. . H,C^H 5 ;S» 

62. 

Mercury = Hg (Mercurous), and Hgc (Mercuric), radicals. 
Mercurous radical . . . . Hg 

200. 

— Oxide (Black Oxide) 

. . Hg.HgO 

416. 

— Bromide .... 

, . HgBr 

280. 

— Chloride (Calomel) . 

. . HgCl 

235-5 

— Chromate .... 

. . HgCrO* 

259. 

— Iodide (Yellow) . . 

. . Hgl 

327. 

— Nitrate, cryst, . . 

, . HgNO*+Aq 

280. 

Bask .... 

. . 2HgN0»4.HgH»0* 

759 - 

— Sulphate .... 

. . HgSO» 

248. 

— Sulphide .... 

. . HgS 

216. 

Mercuric radical . . . 

. . Hgc 

100, 

— Oxide (Red Oxide) . 

. , HgcHgcO 

216. 

— Bromide .... 

. . HgcBr 

180. 

— Chloride (Sublimate) 

. .•HgcCl 

135-5 

White Precipitate 

. . NH*Hgc*,Cl 

251.5 
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Mercuric Cyanide .... 

HgcCN 

J26, 

— Iodide (Red) 

Hgcl 

227. 

— Nitrate ...... 

HgcN05 

162. 

— Persulphate 

HgcSO* 

148. 

— Sulphide 

HgcS 

n6. , 

Methyl (Salts of, see page 147) 

CH* 

15- 

Melissic Acid 


452. 

Melissyl ....... 


419. 

Molybdous radical .... 

Mo 

48. 

— Molybdic Acid .... 

HMoO* 

81. 

Anhydrous .... 

Mo,MoO^ 

144. 

— Sulphide 

MoS^ 

80. 

— Oxychloride 

MoCiO 

99-5 

Molybdic radical 

Moc 

16. 

— Sulphide 

MocS 

32. 

Mineral Chameleon .... 

KMnc^O*^ 

158. 

Muriatic Acid 

HCl 

36.5 

Myricyl 

(2530^61 

421 . 

— Palmitate ...... 


676. 

Naphtyl ....... 


127. 

Niccolous radical 

Ni 

29.5 

— Oxide (Protoxide) . . . 

Ni,NiO 

75* 

Niccolic radical 

Nic 

19.66 

— Oxide (Sesquioxide). . . 

Nic,NicO 

55-33 

Niti’ic Acid 

H,N 05 

63. 

— Anhydride 

N,N 05 

108. 

Nitrous Acid 

H,NO^ 

47 - 

— Anhydride 

N,N 05 

76. 

Nitrc^en . 

N 

14. 

— Protoxide ...... 

N,NO 

4 ^- 

— Deutoxide 

NO 

30. 

— Peroxide ...... 

NOO 

46. 

Octyl 


113. 

— Acetate 


172. 

(Enanthyl 


97 * 

CEnanthylic Acid 


130, 

Olefiant Gras 

CH* 

H' 

Oleic Acid 

H,C*8H»02 

282. 

Oleyl 


249. 

Osmous radical, Os, 99 . 5 

Osmic radical, Osc 

66.33 

Oxalic Acid, effloresced . • . . 

H,CO* 

45 * 

— crydadised 

H,CO*+Aq 

63. 

Oxygen ....... 

0 

16. 

Ozone 

HO^ ♦ 

33 - 

Palladous radical, Pd, 53.2 

Palladic radical, Pdc 

26.6 
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Palmityl 

CI6H3X 

223. 

Palmitic Acid 


256. 

Palmitone 

Ci5H3X,C^6H?xO 

450. 

Phenyl 

OH5 

77- 

— Hydride (Benzole) . . . 

C"H5,H 

78. 

Phosgene Gas 

CC1,C10 

• 99- 

Phtalic Acid 

H,C^H^OV 

83. 

Phtalyl 

C^H^ 

50. 

Phosphorus 

P 

31- 

Phosphoric Acid, monobasic . 

H,PO^ 

80. 

— — bihastc 

H4pO^ 

178. 

tribasic 

H3,P04 

98. 

anhydride ..... 

P,POs 

142. 

Phosphuretted Hydrogen . . 

PH» or PH»,H 

34- 

Platinous radical 

Pt 

99 . 

— Chloride 

PtCl 

134-5 

Platinic radical 

Ptc 

49-5 

— Chloride 

Ptca 

85. 

— Ammonio-Chloride . . . 

NH4,C14 2PtcCl 

223.5 

— Potassio-Chloride , . . 

KCl4.2PtcCl 

244.5 

— Sodio-Chloride .... 

NaCl+aPtcCl 

228.5 

Potash, Anhydrous .... 

KKO 

94. 

— Hydrate 

KHO 

56. 

— Acetate 


98. 

— Antimoniate 

KSbO^ 

207. 

— Arseniate 

H2K,As04 

180. 

— Arsenite 

KAsO^ 

146. 

— Carbonate 

KK,CO^ 

158. 

Bicarbonate, cryst, . . 

HK,C05 

. ,100. 

— Chlorate 

KCIO^ 

122.5 

Perchlorate .... 

KC 104 

138.5 

— Chromate, Red .... 

2KCr0*+CrCiO5 

298. 

— — Yellow 

KCrO* 

98. 

— lodate 

KI05 

214. 

— Manganate 

KMnO* 

98.5 

— ■— Permanganate . . , 

KMnc^CH 

158. 

— Nitrate ...... 

KNO^ 

lOI. 

— Oxalate 

KCO* 

83. 

Binoxalate .... 

KCO%HCO^+Aq 

146. 

Quadroxalate .... 

KC0^+3HC0» 

, ,218. 

— Prussiate, Red .... 

KCy+FecCy 

109.66 

Yellow ..... 

2KCy+FeCy 

184. 

cry^t 

aKCy 4- FeCy + 1 4 Aq 

211. 

— Sulphate ,• 

KSO* 

87. 

^ Bisulphate .... 

KSO*+HSO» 

t36. 
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Potash, Hyposulphite . . 

. KSO+HSO 

104. 

— Tartrate 

. K,C>H* 0 ’ 

II3. 

Bitartrate .... 

. K,C»H'0>+H,CH»0» 

188. 

Soda-Tartrate . . 

. K,C»H’0»+Na,C>H^*+Aq«282. 

Potassium ..... 

. K 

39 - 

— Bromide 

. KBr 

119. 

— Chloride 

. KCl 

74‘5 

— Cyanide 

. K,CN 

65. 

Sulpho-Cyanide . . 

. K,CN;S* 

97 %, 

— Ferridcyanide . . . 

. KC^H-FecCy 

109.66 

— Ferrocyanide .... 

, KCy,KCy+FeCy 

184. 

cryst 

. KCy,KCy,FeCy+iiAq 

211 . 

— Fluoride ..... 

. KF 

58. 

— Fluo-Silicide .... 

. KSi^F^ 

no. 

— Iodide 

. KI 

166. 

— Sulphide 

. KS 

55 - 

Pentasulphide . . 

, KSSS 

119. 

Propionic Acid .... 


74 - 

Propionyl 

. 

41. 

Propyl 

. 

45 - 

Propylic Alcohol . . . 

. H,C 5 H ’0 

60. 

Prussic Acid ..... 

. H,CN 

27 - 

Prussian Blue .... 

, FecCy,FecCy,FeCy 

H 3-33 

— Tumbuirs 

, FecCy,FeCy 

98.66 

Pyrogallic Acid .... 

. CH,CHO 

42. 

Rhodous radical, Rh, 52. 

Rhodic radical, Rhc 

34.65 

Ruthous radical, Ru, 52. 

Ruthic radical, Rue 

34.65 

Rutic Acid 

. H,C*‘*H* 90 * 

172, 

Rutyl 


139. 

Salicylic Acid .... 

. 

138. 

Salicylous Acid .... 

. H,C^H 50 * 

122. 

Salicyl 

. C’H^ 

88. 

Sebacic Acid ..... 

. H,C 5 ffO» 

lOI. 

Sebamyl 

. C 5 H 8 

68. 

Selenium 

. Se 

40. 

Silica (Silicic Acid) . . . 

. SiSiO 

30. 

Silicon 

. Si 

7 - 

— Chloride 

. Sia 

42.5 

— Fluoride 

. SiF 

26. 

Silver 

• -^g 

108. 

— Oxide 

. Ag,AgO 

232. 

Peroxide .... 

. AgO 

124. 

— Ameniate (Jxrhasic) . . 

. Ag*AsO^ 

463. 

— Bromide ..... 

. AgBr* 

188. 

— Chlorate * • • . • 

. AgClO* 

191.5 
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Silver, Chloride . . . 

. . AgCl 

H3-5 

— Cyanide .... 

• • AgCy 

134. 

— Fluoride . . * . 

. . AgF 

127. 

— Iodide 

• • Agl 

235. 

— Nitrate .... 

. . AgN 05 

170. 

— Phosphate {terhasic) 

. . Ag»PO< 

419. 

(hihasic) . . . 

. . Ag^P'O’ 

606, 

— Sulphate .... 

. . AgSO^ 

156. 

— Sulphide .... 

. . AgS 

124. 

Soda, Anhydrous . . 

. . Na,NaO 

62. 

— Hydrate .... 

. . NaliO 

40. 

— Acetate, cryst, . . 

. . Na,C*HsO’+Aq’ 

136. 

— Arsenite .... 

. . NaAsO* 

130. 

— ■ Borate, Anhydrous . 

. . Na*B“0’ = 2NaBO+5BBO 

200. 

cryst .... 

. . NaBO+5HBO+2iAq 

190. 

— Carbonate . . . 

, . NaNa,CO^ 

106. 

— — cryst 

. . NaNa,CO’+Aq" 

286. 

Bicarbonate . . 

. . NaH,COJ 

84. 

— Nitrate .... 

. . NaNO^ 

85. 

— Phosphate. . . . 

. . HNa%P04 

142. 

cryst 

. . HNa%P04.Aq“ 

358. 

Pyrophosphate . 

. . Na4,P20’ 

266. 

cryst, . . . 

. . ]SV,P“0’+Aq'° 

446. 

— Sulphate .... 

. . NaSO* 

71- 

ayst, .... 

. , NaSO*4-Aq* 

i6i . 

Bisulphate . . 

. . NaSO^-f-HSO^ 

120. 

— Hyposulphite, cryst. 

. . NaSO-fHSO+Aq^ 

124. 

— Tartrate .... 

. . Na,C*H^O^ 

97- 

Sodium 

. Na 

23- 

— Protoxide .... 

. . Na,NaO 

62. 

— Chloride . . . . 

. . NaCi 

58.5 

— Fluoride .... 

. . NaF 

42. 

— Fluo-Silicide . . . 

. . NaSi^F3 

94. 

— Iodide 

. . Nal 

150. 

— Sulphide .... 

. . NaS 

39 - 

Strontian 

. . Sr,SrO 

104. 

— Carbonate .... 

. . Sr*CO* 

148. 

— Nitrate, cryst, . . 

, . SrNO*4‘2iAq 

151. 

— Sulphate .... 

. . SrSO* 

92. 

Strontium 

. . Sr 

44. 

— Chloride, cryst, . . 

. . SrCl+Aq5 

133*5 

Stearic Acid .... 

. . H,C"^H*50^ 

284. 

Stearyl 

. .^C'«H55 

251. 

Suberic Acid .... 

. . H,C 4 H® 0 * 

87. 

Suberyl 

. . C+H<^ 

54* 
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Succinic Acid, crysL . . . 

H,C^H=0> 


suhlimd 

2(H,C*H“00+C»H»,C‘H>0’ 218. 

— Anhydride 


100* 

Succinyl 

C^H^ 

26* 

Sulphur 

S 

16. 

Sulphuretted Hydrogen . . 

HS 

^ 7 - 

Sulphuric Acid 

HSO* 

49 - 

— Anhydride 

S,SO* 

80. 

Sulphurous Acid , . . . 

so 

32. 

Tartryl 

C^H^ 

26. 

Tartaric Acid (monobasic), cryst. 

H,C^H 205 

75 - 

(terhasic) 

H 5 ,C^H^O^ 

93 * 

— Anhydride 

C^H^C^H ^05 

132. 

Tellurous radical, Te, 64 . 

Telluric radical, Tec 

32. 

Tellur etted Hydrogen . . . 

HTe 

17. 

Thorinum 

Th 

59.5 

Tin,— Stannous radical . . . 

Sn 

59 * 

— Stannic radical . . . , 

Sue 

29.5 

Stannous Oxide 

SnSnO 

134. 

— Chloride, cryst 

SnCl-fAq. 

112.5 

Ammonium-Chloride . 

SnC],]SIH<Cl+ 4 -Aq 

157- 

— Sulphide 

SnS 

75 * 

Stannic Oxide 

SneSneO 

75. 

— Chloride 

SncCl 


— Sulphide , 

SneS 

45*5 

Titanium 

Ti 

12 . 

Tungsten (Wolfram) . . , 

W 

92. 

Tungstic Acid 

HWO^ 

125. 

— Anhydride 

W,W 05 

232. 

Urea 

NHSCyO 

60, 

Uric Acid, crystallised . . . 

C^H^N^O^+Aq ? 

186. 

Uranous radical, U, 60. 

Uranic radical, Uc 

40. 

Vanadous radical, V, 68.4 

Vanadic radical, Vc 

22.8 

Valerianic Acid . . . , . 

H,C 5 H^> 0 ^ 

102. 

Valeryl 

C^H^ 

69. 

Y\nY\ (^Olefiant gas) , . . 

CH^ 

14. 

Water 

H,H 0 

18. 

Zinc 

Zn 

32-75 

— Oxide * . 

ZnZnO 

81.5 

— Carbonate (.precipitated) 

ZnW+3ZnHO 

274*75 

— Chloride 

ZnCl 

68,25 

— Sulphate, cryst 

ZnSO* 4 - 3 iAq 

143*75 

— Sulphide 

ZnS • 

48.75 

Zirconia 

ZrZrO 

60. 

Zirconium 

Zr 

*> 0 
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ELEMENTARY EXPERIMENTS. 

The object of this set of Eleraentar)- Experiments is to render the 
student familiar with some of the more important chemical operations, 
without a knowledge of which he cannot proceed a step in safety. 
Being only introductory to the extended systematic course of experiments, 
their subjects are very simple. I have endeavoured to render them as 
easy of performance as possible ; and I believe that, if the instructions 
are strictly followed, the student will .meet with few difficulties. 

The experiments are so cmitrived that they can be performed, either 
by a single student, or by a considerable number at the same time, 
working according to dictation. I make tliis remark to account for the 
precision of the details that are given under some heads, and the pecu- 
liarity of the style. 


ALTERATION OF VEGETABLE COLOURS BY ACIDS AND ALCALIES. 

a. Action of Nitric Acid on Blue Litmus, 

Half fill a conical test glass with water. 

Add to it three di'ops of diluted nitric acid. 

Stir the mixture with a glass rod. 

Dip into it a slip of blue litmus test paper. 

Observe that the Mice colour changes to red. 

Put the stirrer to your tongue and taste the mixture. 

You will find it to have a sour or acid taste.' 




' The test glass that is boi^t . 
adapted for these experiments, is of ^ 
a conical shape with a lip. It is 
called Clark’s Test Glass, fig. i. 

Water in small quantities is con- 
veniently supplied by means of the 
water-bottle, fig. 2. This apparatus 
consists of a glass bottle, to which 
two glass tubes are fitted by a cork. 

Through one tube, a, air enters tlie 
bottle, while water escapes through 
b, the other tube. It answers very well for giving 
a small quiet stream of water, fof filling tubes, 
wotting papera, and the like. 


2. 
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ACTIOir OP ACIDS ON TEST PAPEES. 


6, Action of Nitric Add on Yellow Turmeric, 
Take the diluted nitric acid prepared in Experiment a. 

Dip into it a slip of yellow turmeric test paper. 

Observe that the yellow colour remains unchanged. 


The drops of acid are most conveniently added by means of a straight 
pipette, or narrow glass tube, open at both ends, usually called 
the dropping tube, fig. 3. It may be 6 inches long, and not 
less than ^ inch in diameter, having a very small orifice but not 
a capillary point, at one end. See Griffin* s “ Chemical Manipu- 
lation** from which the following quotation is made : — 

0 “ In using such a tube in testing, it is seldom necessary to 

suck with the mouth. On dipping the tube into the test, a 
I* portion enters, more or less of it, according to the depth of the 
dip. As much as may be required is allowed to enter, and is 
retained by applying a moistened finger to the top of the tube, — and 
just as much as may be wished is allowed to drop into the solution 
under examination, by a partial or complete removal of the finger. 

“ A modification of this method of applying tests by dropping tubes, 
may be advantageously employed where a large number of students in 
a class are furnished with solutions for analysis, and are all to apply the 
same tests to their solutions. Two-ounce bottles should be provided 

. with large and good corks, perforated 

' and fitted with pieces of straight glass 

tube of the width represented in the 

margin, and so long as to rise half an 
4. inch above the cork, and to descend 

nearly to the bottom of the bottles. The lower end of the tubes may be 


a little contracted, 



The test solutions are to be put into these bottles, 
and the tubes used to remove them as required. 
The cork must stand so high above the bottle as to 
be easily caught by the thumb and middle finger of 
the right hand, while the forefinger is left at liberty 
to close or open the upper port of the tube, as may 
be required. The tests are under complete control 
in this apparatus, so that any quantity which an ex- 
periment may demand, can be administered with 
facility. When a veiy small quantity of the re-agent 
is required, you lift the tube without closing its 
upper end. It then acts like a glass rod, and takes 
up only a drop or two. When you want a laiger 
quantity, you lift the tube out of the liquid, close the 
upper end by your forefinger, plunge the closed tube 
into the liquid, ancPreiiiove your finger. The air in 
the bottle then presses the liquid up the tube con- 
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c. Action of Amrmnia on Yellow Turmeric. 

Half fill a conical test glass with water. 

Add to it three drops of Liquid Ammonia, 

Stir the mixture with a glass rod. 

Dip into it a slip of yellow turmeric test paper. 

Observe that the yellow colour changes to hrovm. 

Put the stirrer to your tongue and taste tlie mixture. 

You will find it to have an acrid or alcaline taste. 


siderably higher tlian the level in the bottle. The tube can then be 
lifted with what it contains.*’ 

Another excellent form of bottle for containing liquors 
to be used in testing, is shown by fig. 6. It has a wide 
nioutn, and, instead of a stopper, is furnished with a glass 
cap, ground to fit the outside of the neck. It is also pro- 
vided with a pipette, the orifice of which is so small that it 
cannot deliver above one drop of liquor at a time, though, 
at tlie pleasure of the operator, it can give many drops in 
succession. The pipette always remains in the bottle. Of 
course, it is always ready for use, requires no cleaning, pre- 
vents the waste of the reagent, and is an effectual check on 6. 
the overdosing of any liquor that is to be tested. 

Every test glass should be accompanied by a stirrer of the size and 
form of fig. 7. 
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The slip of test paper may be inches long, \ inch wide. Such 
slips are to be had bound up in little books, like banker’s cheque books, 
fig. 8. 




The test papers made of this size are coloured carefully for delicate 
testing. When the purpose for which they are used is merely demon- 
strative, as in Lectures, it is bettqj to use larger papers more stron^y 
coloured, that the changes of colour may be easily seen at a distance. 
vSuch test papers are now prepared for sale. 





Zi ACTION OF ALCALIES ON TEST PAPEHS. 

d. Action of Ammonia on Blue Litmus, 

Take the diluted amniouia prepared in Experiraent c. 

Dip into it a slip of blue litmus test paper. 

Observe that the blue colour remains unchanged. 

e. Counter-Actions of Nitric Acid and Ammonia} 

Take the diluted nitric acid prepared in Experiment a. 

And the diluted ammonia prepared in Experiment c. 

Dip into the acid a slip of blue litmus test paper. 

Dip the reddened paper into the ammonia. 

Observe that the redness disappears and the blue colour returns. 

Dip into the ammonia a slip of yellow turmeric test paper. 

Then dip the brown part into the acid. 

Observe that the brown colour disappears and the yellow colour returns. 

f Action of Carbonate of Soda on Bed Litmus. 

Take a slip of red litmus test paper. 

Wet it with water from the water bottle. 

Put on the wet paper a crystal of carbonate of soda. 

Observe that the red colour changes to blue. 

g. Action of Carbonate of Soda on Yellow Turmeric. 

Take a slip of yellow turmeric test paper. 

Wet it with water from the water bottle. 

Put on the wet paper a crystal of carbonate of soda. 

Observe that the yellow colour changes to brawn. 

Ji. Other Counter- Actions of Acids and Alcalies, 

Half fill a conical test glass with blue cabbage liquor.* 

Add to it a few drops of diluted sulphuric acid. 

Observe that the blue colour changes to red. 

Take a straight pipette in your left hand. 

Take up in the pipette some solution of potash. 


* Instead of nitric acid, you may take muriatic, sulphuiic, acetic, or 
oxalic acid ; and instead of ammonia you may take caustic potash or 
caustic soda, for these experiments. The effects produced by the re- 
agents of each set will be similar. 

8 To prepare blue cabbage liquor, chop up some leaves of blue 
cabbage, pour boiling water over them, and after some hours decant the 
blue liquor for use. It soon becomes mouldy, but can be preserved by- 
adding to it as. much oil of vibiol as grill make it strongly red. When 
required for Use, a solution of soda or potash must be added to neu- 
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Add the potash gradually to the coloured liquor. 

Stir the mixture with a glass rod held in your right hand. 

Observe that the red liquor regains its blue colour. 

And that with more potash it becomes green. 

With another pipette take diluted sulphuric acid. 

Add it gradually to the green mixture. 

Stir the mixture with a glass rod. 

Observe that the green colour changes first to hluSy and finally to red. 

Results of these Eoeperiments : 

i. We have demonstrated, — 

That blue litmus is changed to red by acids.^ 

That yellow turmeric is not changed in colour by acids. 

That brown turmeric is changed to yellow by acids. 

And from these demonstrations, we draw the general conclusion, that 
acids change blue litmus to red, and brown turmeric to yellcnv. 

We have also found, that acids pr substances which change blue litmus 
to red, have a peculiar sour or acid taste. 

We have demonstrated, — 

That yellow turmeric is changed to brown by alcalies. 

That red litmus is changed to blue by alcalies. 

That blue litmus is not changed in colour by alcalies. 

And from these demonstrations we draw the general conclusion, that 
alcalies change red litmus to blue, and yellow turmeric to bromi. 

We have also found, that alcalies, or the substances which change red 
litmus to blue, have a peculiar acrid or alcaline taste. 

l. The experiments on the counter-actions of acids and alcalies, prove 
that these bodies have the faculty of neutralising each otiwr’s power. 
Hence, acids restore colours that have been altered by alcalies, and 
alcalies restore colours that have been altered by acids. 

m. As respects the application of the knowledge derived from these 
experiments, I may remark, that when a substance reddens blue litmus, 
it is said to be acid; when it makes red litmus tm*n blue, or yellow 


1 These conclusions presuppose that the reactions have been tried, 
as suggested in Note i page 34 , with a few other acids and alcalies than 
those hamed in the text. It would hardly be right to draw sweeping 
general conclusions from the behaviour of one acid and one alcali 
towards the coloured tests ; yet^t would have been tedious to put more 
experiments in the text. The student can increase or vary the examf^s 
at pleasure. 

D 2 
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turmeric turn brown, it is said to be cdcaline. But the possession of 
this acid property is not sufficient to constitute what chemists call an 
Acid, nor is the possession of the alcaline property sufficient to con- 
stitute AN Alcali ; because the power of altering vegetable colours is 
possessed by some substances which, properly spegiing, are neither 
acids nor alcalies — as, for example, carbonate of scxia, used in Experi- 
ment f. This substance is a scdt^ containing both carbonic acid and 
soda, that is, both an acid and an alcali. It cannot, therefore, be called 
an acid^ nor yet an alcali, but it can very properly be said to be alcaline, 
for tills term describes simply a property which the substance actually 
possesses, namely, that of alcalinity. There are other salts which con- 
tain both an acid and an alcali, and which, nevertheless, manifest an acid 
reaction on vegetable colours. Many salts of the metals have this 
property, and they are said to have an acid reaction. There is a third 
class of salts that have no action on vegetable colours, and that are 
neither acid nor alcaline in taste. Common salt is an example of this 
kind. Such substances are said to be neutral. 

Bleaching of Vegetable Colours by Chlorine. 

a. Bleaching of Blue Cabbage Liquor, 

Put into a conical test glass a little blue cabbage liquor. 

Add to it a few drops of solution of chlorine.* 

Stir the mixture with a glass rod. 

The colour of the cabbage liquor is destroyed, and the mixture becomes 
white. 

h. Bleaching of Indigo, 

Half fill a conical test glass with writer. 

Add to it a few drops of sulphate of indigo. 

Stir the mixture with a glass rod. 

Add to it a small quantity of solution of chlorine gas, 

Or of a clear solution of bleaching powder. 

Stir the mixture with a glass rod. 

The blue colour disappears and is succeeded by a pale greenish yellow. 

c. Bleaching of Litmus Paper, 

Half fill a conical test glass with solution of chlorine. 

Dip into it a slip of blue litmus test paper. 

Observe that the blue colour is bleached to white. 

^ A solution of chlorine gas in water can be preserved for some 
time in a good state for use, if closely corked up in an opaque bottle of 
salt-glazed stoneware. Directions for ^^reparing the solution will be 
given under the head of Chlorine. 
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d. Bleaching of Pink Paper, 

Take the solution of chlorine used in Experiment c. 

Dip into it a slip of piiiiC paper. 

Or use any kind of paper stained with vegetable colours, or unbleached 
calico, or any kind of cloth tinged by colours of vegetable* origin. 
Observe that the colour is almost immediately destroyed (bleached). 

e. Result of this Experiment : — Chlorine destroys vegetable colours. 
The expej-iment illustrates the art of bleaching cotton cloth by means 
of chlorine. 


CHEMICAL METAMORPHOSES. 

When certain chemical bodies are placed in contact under particular 
circumstances, they combine together and produce new compounds 
possessed of new properties. These changCvS are evidenced to the eye 
by changes of colour and form, of taste and smell, of temperature and 
of bullc, which frequently are of a very surprising nature. The experi- 
ments adduced in proof of these facts will not, I hope, be considered 
out of {)lace in a work devoted to Chemical “ Recreations.” 

Experiments with Coloured Liquids. 

To produce a beautiful Green Liquid by mixing a Blue one with a 
Odourless one. 

To produce a beautiful Crimson Liquid by mixing a Blue one and a 
Colourless one. 

To change the Colour of a Liquid from Green to Red, by adding a 
Odourless one to it. 

To make the same Liquid alternately Red and Green by the addition oj 
two Odourless Liquids. 

The methods of producing all these effects are detailed in Process h^ ori 
the Reactions of Acids and Alkalies with vegetable Colours, }>age 34. 

A Liquor which is Crimson at the bottom, Purple in 

the middle, and Green at the top. — Nearly fill a tall 
cylindrical glass with water, and colour it blue by adding 
a tablespoonfiil of tincture of cabbage — then make it 
green at the top by gently adding a little liquid 
ammonia, and afterwards introduce a little sulphuric acid 
by means of a pipette, or glass tube, long enough to 
reach to the bottom of the vessel ; upon which the effect 
above mentioned will be produced. If you stir the mixture 
with the glass tube, it will be blue, green, or red, accord- 
ing to the predominance of on* or other of the ingre- 
dients. See page 35. If you add a little liquid chlorine, 

the colour will be totally destroyed. Page 36. 9, 
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Three different Colours produced from the same vegetable 
infusion by the addition of three Colourless Liquids. — Into each 
of three test glasses put a little diluted blue tincture of cabbage. 
To one add a solution of alum, to the second a solution of 
potash, and to the third a few drops of muriatic acid. The 
product of the first mixture will have a purple colour, that of 
the second a bright green, and that of the third a beautifid 

lo. crimson. 

A beautiful Blue Liquid produced by mixing two Colourless ones . — 
Add a few drops of a solution of nitrate of copper to a glas« of water — 
the mixture will be colourless if sufiSciently dilute : pour a little liquid 
ammonia into it — the mixture will then assume a fine blue colour.— 
Eationale. The alcali precipitates the copper, and then re-dissolves it, 
forming a blue solution of the ammonia-nitrate of copper. 

To produce a Colourless Liquid by mixing a deep Blue one with a 
Colourless one. — Add a little nitric acid to the blue liquid produced in 
the preceding experiment : upon which the colour instantly disap- 
})ears. — Rationale. The blue compound is decomposed, and nitrate of 
ammonia and nitrate of copper are formed. These salts remain in solu- 
tion in the water, the quantity of which renders the blue colour of the 
nitrate of copper insensible. 

Coloured Liquors which become Colourless on the addition of a Colour- 
less Liquor. — A solution of chlorine in water, or a solution of cliloi ide 
of lime, deprives all vegetable solutions of their colour. Page 36 . 

Action op Acids and Alcalies on a variety of Vegetable 
Colours. — These experiments may be performed in conical test glasses 
or small test tubes. 

Brazil Wood. — Boiled in 16 times its weight of water. A deeply- 
coloured red liquor. Alcalies turn it purple or violet. Iron salts turn it 
brown. Caustic potash in 200,000 parts of water acts upon it. Strong 
acids make it bright rose-red. Sulphuric acid has the most powerful 
action. The acid red liquor is a fine colour for prints on paper, but it 
injures the paper. Sulphurous acid bleaches it. Some of the weaker 
acids turn it yellow. 

Paper saturated with Indigo dissolved in sulphuric acid. — Chlorine 
bleaches it. Boiling nitric acid does the same. Chromates and bromides 
bleach it cold. Iodides do the same, but leave a red stain on the paper 
that gradually disappears in the air. 

Solution in water or alcohol. Blue. Acids redden it 
Alcalies restore the blue colour. 

Rhubarb infused in water. A bright yellow solution. Alcalies turn 
it reddish-brown. Very readily affected. 

Rose leaves macerated in alcohol. Yellowish-brown liquid. Alcalies 
turn it green. Acids made it rose-red. The changes of colour in this solu- 
““ ‘ hv an exceed inclv small Dortion either of acid or alcali. 
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Tunmric* — Infusion in water, or tincture in alcohol. Yellow liquids. 
Alcalies turn them reddish brown. 

Violets, — A violet liquor. Alcalies turn it green and acids red. 

logwood. — Gives a brownish decoction. Acids render it yellow or 
reddish. Alcalies give it a splendid purple colour. If a drop of a solu- 
tion of logwood and another of liquid ammonia are put on the same 
plate, but at a distance from each other, the vapour of the alcali very 
soon changes the colour of the logwood. 

Two Limpid Liquors converted by mixture into a Solid Mass. 

Process i. If a saturated solution of chloride of calcium be 
mixed with a saturated solution of carbonate of potash, both of 
which are transparent liquids, the result is the formation of an 
0})aque and almost solid mass. Mutual decomposition of the 
salts takes place — chloride of potassium and carbonate of lime 
are formed ; and the latter absorbs the whole of the water of 
solution, and produces a degree of solidity. 

Process 2. Drop sulphuric acid into a saturated solution of chloride 
of calcium; in this case also an opaque mass is produced. — The chloride 
of calcium is decomposed, and sulphate of lime, a highly insoluble salt, is 
formed. 

Process 3. Pour a saturated solution of camstic potash into a saturated 
solution of sulphate of magnesia ,( Epsom salt), a nearly solid mass is 
])roduced. The sulphuric acid leaves the magnesia (which then com- 
bines with water and is precipitated in the form of a white povyder) in 
order to combine with the potash. 

If a little nitric acid be added to the product of Process i, the solid 
mass will be converted into a transparent liquid : the insoluble carbonate 
of lime being converted into the soluble nitrate of lime. 

A solid white powder produced hy mixing two colourless liquids, — This 
is an ed'ect of common occurrence in chemical experiments. See the 
article on Precipitation, The solids produced by the mixture of difierent 
liquids are of every variety of colour and form, and it is a very amusing 
and insti'uctive exercise, to examine the eJffect of various precipitating 
agents on difierent metallic solutions. I shall add an example in the 
test for muriatic acid, — Add a drop of muriatic acid to a quart of water; 
pour some of the mixture into a test glass, and let fall into it a single 
drop of a solution of nitrate of silver — the whole will instantly be per- 
vaded by a milkiness, because the chlorine of the muriatic acid combines 
with the silver and forms chloride of silver, a salt highly insoluble. So 
great is the power of this test, that if a single grain of common salt is 
dissolved in 42,250 grains of water, the muriatic acid is detected, though 
amounting to only i part in 10^333 of the weight of the solution. 

A fluid produced hy rubbing Together two solid metals, — Triturate an 
amalgam of lead with an amalgam of bismuth — the product will bo 
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fluid, like mercury. Fluids are likewise produced when any of the mix- 
tures which follow are triturated ; acetate of lead and sulphate of zinc — 
or, sulphate of soda and nitrate of ammonia — or sulphate of soda and 
cai'bonateof potash.— These salts should be all fresh crystallised. 

A green cdoured solid produced by mixing a blue one with a white one. 
— Triturate crystallised sulphate of copper with crystallised super- 
acetate of lead. In this process, acetate of copper, which has a green 
colour, is formed. 

To make a solid green paint by mixing a blue liquor with a colourless 
liquor . — Add to a hot solution of blue sulphate of copper, a little solution 
of colourless carbonate of soda — a beautiful powder, knovrn by the name 
of French green, will be precipitated. — The powder is a subcarbonate 
of a>pper. The liquor may be separated by filtration. 

Two pungent and invisible gases unite and form an inodorous solid , — 
Process i. Fill a jar with ammoniacal gas, and another with muriatic 
acid gas, in the manner described in a subsequent part of this work. 
Apply the two jars mouth to mouth, and the above-mentioned effect 
will instantly be produced, chloride of ammonium being formed and 
precipitated on the sides of the jars. 

Process 2. Dip a clean feather into muriatic acid, and 
moisten with it the interior of a glass such as is depicted 
by fig. 12, and in like manner moisten the interior of 
a similar glass with liquid ammonia. The glasses, in 
this state, will seem empty, but if they be put mouth 
to mouth together, the whole included space will be 
filled with a dense white vapour ; which in the end settles 
on the sides of the glasses in the form of a white powder, 
solid chloride of ammonium. 

Process 3. If two jars, one containing ammoniacal gas, 
12, and the other containing carbonic acid gas, are thus put 
together, solid carbonate of ammonia will be formed. 

Two highly -odorous liquids produce a mixture totally without odour . — 
Mix liquid ammonia with muriatic or nitric acid, till the resulting liquor 
is neutral. The smell of both tlie ingredients disappears, and the saline 
product has neither the acid nor the alcaline taste possessed by the two 
odorous liquids. 

Two bodies devoid of odour produce a compound highly odorous and 
volatile . — Mingle together in a mortar equal parts of sal-ammoniac and 
quicklime. Tne mixture disengages ammoniacal gas, which has a very 
pungent odour. 

To deprive a red rose of its colour ^ and to restore the colour again.-^ 
Hold a red rose over the blue flame produced by burning sulphur. 
You can do this by fastening the rose t^ the top of an inverted glass jar. 
This flame diffuses a gas which has the property of depriving vegetables 
of tlieir colour. It is called sulphurous acid gas. Whenever it comes 
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into contact with the rose, the colour is so discharged as to make the 
rose either beautifully variegated or entirely white. If you afterwards 
dip the rose into water its red colour is restored to it. 

A substance which may he eaten, produced hy the admixture of two 
powerful poisons. — A solution of muriatic acid and a solution of caustic 
soda are both poisonous. If mixed together in such proportions as to 
make a neutral solution, they produce common kitchen salt. 

The method of making such mixtures in proper proportions, is 
explained in the article on Equivalent Test Liquors. 

Explanation. — 9^ parts of muriatic acid contain 9 parts of chlorine 
and J part of hydrogen. loj parts of caustic soda contain 6 parts of 
sodium, 4 parts of oxygen, and J part of hydrogen. When these quantities 
of the ingredients, in a state of aqueous solution, are mingled together, 
new combinations take place. 9 parts of chlorine and 6 parts of sodium, 
produce 1 5 parts of common salt, also called chloride of sodium ; and 4 
parts of oxygen and h part of hydrogen, produce 4^ parts of pure water. 
Thus nothing is lost or left at liberty. The chloride of sodium dissolves 
in the water at the moment of formation, but can be obtained in the 
state of crystals by evaporating the solution. 

To Dissolve Metallic Copper in a Liquid, — Dissolve a grain of thin 
copper wire or foil in six drops of nitric acid, using a tube of the fol- 
lowing form. Observe the effervescence that is produced ; the pro- 
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ductioii of red gas just above the liquor, the change of the liquor to 
green, the heat which is produced, the peculiar smell that is disengaged. 
In one minute the copper will be dissolved, the liquor remaining green. 
Blow into the tube by a smaller tube held in the mouth. This expels 
the red gas, and turns the green liquor blue. Alternately shake the 
tube and blow air into it, until the green colour and red gas no more 
return. The smell goes away with the gas. Look into the tube and 
not across it, to see the colour of the liquor and gas* Boil it next over 
a spirit lamp. White fumes of nitric acid go away. W^hen the liquor 
gets thick and pasty, allow it to cool. It will form a mass of blue 
crystals, proceeding like rays from the centre. This is nitrate of copper. 
Apply heat ; the crystals then melt, get drier, and stick about the 
sides of the glass as a hard cake. The salt now decomposes, and a 
strong smell of nitric acid is disengaged. When the bulb is cold, half 
fill it with water. Part of the lard matter dissolves, producing a blue 
solution of nitrate of copper ; part remains undissolved as a bluish-green 
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powder. This is a nitrate with excess of base, which is insoluble in 
water. Add a single drop of nitiic acid, and the whole will dissolve. 
With the resulting solution, you can apply the different tests for 
detecting copper, which ai*e described under the head of Copper. 

SYMPATHETIC INKS. 

Sympathetic inks are liquids which, being used for writing or draw- 
ing, form figures or letters, which, under certain circumstances, or after 
certain operations, become clianged in colour, or from being illegible 
become conspicuous. Liquids of this kind known at present are very 
numerous, and the experiments executed with their assistance are some 
of the most entertaining which modern chemistry affords. Several 
varieties were known in very ancient times. We find Ovid teaching 
young women to deceive their guardians by writing billets to their lovers 
with new milk, letters formed wdth which are rendered legible by coal- 
dust or soot. And Ausonius proposes the same thing to Paulinus. 
Phny, in whose time it was known that any colourless, glutinous juice 
wouid attract black powder as well as milk, recommends for this pur- 
pose the milky sap of certain plants. 

There are several metallic solutions, entirely colourless, or having a 
very weak tint, which, if applied to paper, produce figures that remain 
invisible, either till washed with another colourless solution, or exposed 
to its vapour. Among these, there is none more curious or capable of 
exciting greater astonishment, than tliat which consists of a solution of 
sugar of lead, which becomes black on exposure to sulphuretted hydro- 
gen gas, even at a considerable distance. The mountebank performers 
of mechanical tricks and chemical experiments, whom the people have 
been pleased to term conjurors, derive considerable aid from the service 
of bodies such as those under consideration. How ])otent must he 
appear to ignorant eyes, who causes a figure to grow, as it were, on a 
paper untouched by ^y hand, and exposed meanwhile to view ! Yet, 
to do this, requires only that the person use the ink just named, and 
manage the business with a little dexterity. 

Whatever is written with a solution of sugar of lead, with a clean 
pen, remains invisible while dry; but, when the writing is washed over 
with liquid sulphuretted hydrogen, it becomes instantly black. The 
most extraordinary circumstance is this, that, though sneets of paper 
without number, and even a board, be placed between the invisible 
wnting and the reviving liquid, the same efiect will take place as in the 
former case ; the writing being turned black by a vapour which pene- 
trates the substance of the wootl and the folds of the paper. 

It is instructive to look back upon «the hypotheses which successive 
speculators set up to explain the causes of various effects observed in 
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nature. The phenomena which appeared to take place without any 
visible agency, were ascribed in the middle ages to certain “ occult 
qualities/’ This doctrine gave way to the idea of magnetic effluvia, 
which was succeeded by a something termed sympathy ; and sympathy 
itself was exploded by attraction and electricity. In future times our 
own method of tracing out causes will, no doubt, be reckoned as absurd 
as the ridiculous modes which have preceded it. 

Another remarkable kind of sympathetic ink is that prepared from 
cobalt, the invention of which, though generally ascribed to Hellot, is 
affirmed by Pott to have been detailed by a German lady, very early 
in the seventeenth century. But it must be older than this, if it be true 
that, by means of this invention, Theophrastus Paracelsus could, in the 
same picture, represent alternately summer and winter. Such is the 
nature of this ink of cobalt, that the traces of it in writing or drawing 
are colourless when cold, but when moderately heated become of a 
beautiful green colour ; which colour, however, vanishes as the paper 
cools, but can be made to reappear by a fresh application of heat. 

I shall now mention a few of these inks out of the great number 
which but a slight acquaintance with chemistry will suggest to the 
student. — Note. The sympathetic inks may be laid on paper either 
with a camel-hair pencil or a common quill pen ; but, whichever is used, 
it is necessary that the instrument be perfectly clean — the presence of 
the smallest quantity of any foreign body will go nigh to spoil the 
effect. The best thing to use is a clean fresh-cut quill pen. 

1 . Write with weak tincture of galls: the characters will be invisible. 
Moisten the paper with a feather, dipped in a weak solution of sulphate 
of iron — the writing will become black. To understand this phenome- 
non, you have only to know that a black liquid commonly termed ink 
is formed by adding infusion of galls to a solution of sulphate of iron. 

2. Write with a weak solution of prussiate of potash— the letters will 
be invisible. Moisten the paper, as in the preceding experiment, with 
a weak, solution of sulphate of iron — the writing will assume a fine blue 
colour. — Rationale^ Prussian blue is here formed, 

3. Wash paper with a solution of sulphate of iron, and suffer it to 
di’Y : when written upon this paper, dilute solution of prussiate of 
potash produces blue letters, and tincture of galls black ones ; but upon 
common paper they make colourless marks. 

4. Most acids, diluted and written with, leave marks which are 
invisible till the paper is heated, when they become black ; the heat 
concentrating the weak acid, and enabling it to char the pap>er. 

5. Write with a dilute solution of nitrate of silver, and let the writing 
dry in the dark— it will be invisible; fold up the paper so as to keep 
the writing in the dark — it will continue invisible ; but, expose the 
writing to the light of the sun-^t will become blach — Rationale. The 
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nitrate of silver has the property of being decomposed by light ; a black 
colour being acquired by the metallic oxide. 

6. Characters written with a solution of equal parts of sulphate of 
copper and sal-ammoniac, have a yellow colour when heated, but are 
invisible when cold. 

7. Write with a dilute solution of chloride of copper. The writing 
is invisible when cold, but yellow when heated. 

8. Write with a dilute solution of chloride of gold, and dry the 
writing in the dark— it will be invisible. Moisten the paper, by means 
of a feather or bit of sponge, with a solution of chloride of tin — the 
writing will then assume a purple colour, occasioned by the presence of 
a minute portion of the purple precipitate of Cassius, a compound of 
tin and gold. 

9. Write with a solution of nitrate of bismuth — the writing will be 
invisible. Immerse the paper in w^ater — the characters will then be 
legible. — Rationale, The water decomposes the salt, and causes a white 
compound of bismuth to be precipitated in a solid form. 

10. Expose a paf>er upon which you have written with nitrate of 
bismutli, to the vapour of water impregnated with sulphuretted hydro- 
gen — the Avriting will become black. It is the property of bismuth to 
be thus affected by sulphuretted hydrogen. The black substance is 
sulphide of bismuth. 

11. Let a paper upon which you have written with nitrate of 
bismuth be moistened with solution of prussiate of potash the writing 
will assume a beautiful yellow colour; cyanide of bismuth being formed. 

12. Write with a solution of sulphate of copper — no writing will be 
visible. Wash the paper wdth solution of prussiate of potash — the 
writing will then get a reddish-brown colour ; cyanide of copper being 
formed. 

13. Write with a solution of acetate of lead — the writing will be 
invisible. Hold the paper over a saucer containing liquid sulphuretted 
hydrogen — the writing will become, first black, and then glittering like 
silver. The metallic salt is here decomposed by the sulphuretted hydro- 
gen, which produces black sulphide of lead. 

14. Upon a fire-screen let there be drawn a representation of winter, 
with trees destitute of foliage, and ground covered with snow. Let, 
however, every part of the picture which, if the scene represented 
summer, would be green, be covered with the sympathetic ink, pro- 
duced by dissolving zaffre or impure cobalt in aqua regia, which is a 
mixture of nitric and muriatic acids. Draw, for instance, leaves on the 
trees, and grass on the ground. These marks will not be visible ; the 
picture will still bear the aspect of winter. But, let the fire-screen be 
placed for a short time near the fire, ^en the view will exhibit all the 
verdure of summer. When allowed to cool, the verdure disappears ; but 
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it may be again revived, by the same means as before, and that as often 
as is desired, provided the paper be not heated beyond a certain point ; 
for, if heated too much, the ink will assume a permanent brown colour, 
A solution of pure chloride of cobalt will not answer the above purpose, 
as it gives a blue and not a green sympathetic ink. The green tint is 
due to the presence of arsenic and iron among the impure cobalt. 

15. A jar is filled with clear water. A piece of white « n 

pasteboard is put into it. The whole may be then covered 
from view. After a few minutes, the white pasteboard is 
taken out, and found to have an inscription upon it in blue 
letters. Explanation : The clear water is a weak solution of 
iodide of potassium, mixed with a few drops of sulphuric 
acid. The white pasteboard has had the writing previously 
made upon it with starch paste. Such writing is invisible 
on white pasteboard ; but in the experiment, a blue com* 
pound is formed by the combination of iodine and starch, 

My youthful readers will probably not take it amiss if I add here a 
few other examples of 


Chemistry for Holidays. 

Such of them as visit the Polytechnic Institution, may like to know 
how they can imitate the wonderful exploits perform^ in that and 
similar establishments for public entertainment ; some few of these 
popular experiments do not depend solely upon philosophical principles, 
but are aided in some degree by sleight of hand. It is not my business 
to teach the art of conjuring, but it is impossible to explain these 
experiments without describing the extent of the trickery which forms 
part of them. 

The Enchanted Bottle , — The conjuror’s bottle from which you pour 
when required, water, milk, blue dye, port wine, sherry, or champagne, 
is a popular experiment, akin to these depending on such chemical 
changes as have been described in the preceding section, but aided by 
a little trickery. 

As the experiment is usually performed, the conjuror seems to pour 
from the same black bottle into different wine-glasses, all the above 
liquors in the order in which the audience demands them. 

The bottle contains actually but one liquor, which is a solution of 
sulphate of iron, containing both protosulphate, and persulphate, and 
a little free sulphuric acid. This mixture is put into a black wine 
bottle, because it has a brown colour, which the audience ought not to 
see. The trickery is chiefly with the wine-glasses, in which are placed 
beforehand small quantities of stfch chemical reagents as suffice to pro 
duce the desired changes of colour. These reagents are as follow : — 
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For water ^ nothing. The slight colour of the liquor is not recognized 
in the wine-glass. For milk^ a solution of chloride of calcium, or 
chloride of barium. For bliie dye^ solutions of red and yellow prussiate 
of potash mixed. For port wine^ a solution of sulpho-cyanide of 
potassium. For sherry^ a very small quantity of the same. For cham- 
pagne^ a solution of bicarbonate of soda. 

All these solutions should be as strong as possible, the entire inside 
of the glass should be wetted with them, just before the experiment is 
performed, but there should be as little as possible of the reagents left 
in the glasses, and that should be hid by a finger of the hand that holds 
the glass. Duplicates of each prepared glass should be ready, in case 
a second glass of any one sort should be demanded by the company. 

The volatile plum-pudding, — At dinner, w^hen the cover is removed 
from the plum-pudding, the pudding leaves its dish and rises to the 
ceiling of the dining-room. 

Explanation, — The pudding is a sham one, consisting of a globular 
balloon, about six inches in diameter, painted with s|x>ts like a plum- 
pudding, and filled with hydrogen gas. Under the head of Hydrogen, 
I shall give full instructions for preparing the gas, and filling balloons. 

Loaf-sugar contains charcoal. — Place a large test glass upon a plate. 
Half fill the glass with lumps of loaf-sugar and put over them 

— 1 as much hot water as will thoroughly moisten them. Then 

add about a quarter of a fluid ounce of oil of vitriol. The 
mixture soon smokes, becomes black, and froths up. You 
may stir it with a glass rod. It sometimes rises over the edge 
J of the glass, which is the reason that you must put the glass 
in a plate or a stoneware pan. 

Cy ^ When the efiervescence is at an end, you may wash the 

15, black mass into a large glass jar, and stir it up with a pint of 
water. It will be seen to contain a quantity of black powder. 
Let this settle ; then pour off the acid liquor, and wash the 
powder with fresh water. If tlie powder is then collected 
and washed on a filter in a funnel, and afterwards dried, it will 
be found to be charcoal. The method of proving it to be 
charcoal will be decided in a subsequent experiment (page 59), 
Sugar consists of carbon, oxygen, and hydrogen. The oil of 
vitriol converts the oxygen and hydrogen into water, and 
leaves the carbon (or charcoal) free, and this substance being 

16. insoluble, is easily separable from the liquid products of the 
decomposition. 

Cambric handkerchiefs and fine lace consist of charcoal and water. ^ 
The composition of cotton and linen is analogous to that of sugar. 
They contain carbon, oxygen, and <iiydrogen, and they can be de- 
composed, like sugar, by warm oil of vitriol. 

Fix a porcelain capsule of about j inches in diameter on a retort 
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Stand, fig. 17, and put into it about half a fluid ounce 
of strong sulphuric acid. Place a spirit lamp below it 
to wai'Tii it, but do not make it hoil^ because the boiling 
of sulphuric acid is a dangerous operation, and the acid 
lor this experiment requires only to be gently warmed. 

Put into the acid some small pieces of calico or linen 
cloth, and stir them about with a six-inch glass rod. 

The cloth will very soon be decomposed by the acid, 
as the sugar was in the preceding experiment. A 
similar black mixture is produced, from which, by 
washing in a large quantity of water, and after^vards on 
a filter, the charcoal can be obtained in powder. 

Vinegar is contained in dry wood , — If hard diy wood, ^7- 
oak, for example, or even a ])iece of dry cambric, is heated to redness 
in a glass tube closed at one end, in the manner described in a sub- 
sequent set of experiments on the identification of vegetable substances, 
the wood fibre will be decomposed, and a liquor will be expelled from it 
which contains vinegar, while charcoal in the solid form will remain 
behind in the glass tube. See pages 58 to 64. 

A metal that takes fire when it touches cold water . — This is a property 
of the metal called potassium, which is extracted from the alcali ])otash. 
This metal is soft, lighter than water, and as brilliant as silver. It is 
preserved from the air in mineral naphtha, a liquid which contains no 
oxygen. A small globule, about a quarter of an inch in diameter, being 
thrown upon the surface of water contained in a flat pan of 9 to 12 
inches diameter, immediately takes fire and burns with a violet-coloured 
flame and a hissing noise, swimming rapidly about the liquor and 
ending with a slight explosion. In this experiment, the potassium 
decomposes the water, sets free some hydrogen which burns with flame, 
and combines with the oxygen and part of the hydrogen to produce 
caustic potash, which dissolves in the water and renders it dcaline, 
as may shown by means of red litmus test paper, which it turns blue. 

A Fountain of Fire—formd hy Phosphuretted Hydrogen Gas , — 
Put 1 5 grains of finely granulated zinc, and 6 grains of phosphorus, 
cut into small pieces under cold water, into a conical glass. 

Mix, in another glass, a drachm by measure of sulphuric acid, 
with two drachms of water. Now, take the two glasses into 
a dark room, and there pour the diluted acid over the zinc 
and phosphorus in the other glass : in a short time phosphu- 
retted hydrogen gas will be produced, and beautifiil jets of 
bluish flame will dart from all parts of the surface of the 
liquid, the mixture will be quite luminous, and a quantity of 
b^utiful luminous smoke will ris^in a column from the glass. 

A Fountain of Fire is a very apt name for the appearance 
that is producedf The experiment is very easily performed, and is a 
very beautiful one. But the operator must take care not to bum him- 
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self. The phosphorus must always be kept in cold water. It must not 
be touched by the fingers unless when it is covered by cold water. Burns 
from it are painful and difficult to heal. 

Coloured Flames . — Coloured alcohol flames are best produced by 
forming a wick of asbestus filaments, fixing it in a glass tube, and 
moistening it with the concentrated saline solution tlmt is intended to 
communicate the colour to the burning alcohol. A cotton wick soaked in 
a strong solution of the salt can be also made use of. In either case the 
wick is to be ])ut into a common glass spirit lamp, containing spirits of 
wine. The solutions which give a colour to flame are those of chloride of 
strontium, boracic acid, chloride of barium, nitrate and muriate of copper. 

A stream of oxygen gas directed upon a spirit lamp, coloured in this 
manner, produces an intense coloured flame. 

The Fire Cloud , — Mix 5 paits of chloride of strontium with i part of 
nitrate of copper. Saturate about a pint of alcohol or pyroxilic spirit with 
these mixed salts. Put this into a metallic fountain, condensing* into it a 
quantity of air by a syringe. A small jot being affixed, the mixture is 
pressed out with considerable force. If allowed to play upon the roof of 
a room, and there kindled, a brilliant cloud of variegated fire is produced. 

Brilliant Deflagration, — Use the apparatus 
shown in the following vignette. It consists of a 
thin hard Bohemian glass tube, 3 inches long and 
nearly i inch wide. It is supported by a narrow 
crook of tin-plate, c, fixed by means of a cork, a, 
into the sliding socket of a tul)e-holder, b. As 
much nitrate of potash is used as fills about half-an- 
inch of the tube when melted. The heat of a 
small spirit lamp is sufficient for this quantity. 
When the nitrate of potash is in fusion, remove 
the lamp, and put a basin of water below the 
tube: then, by means of a slip of tin-plate, d, 
pour into the tube a small quantity of well-dried 
charcoal powder. Remove your hand instantly : 
a splendid combustion will occur in the tube. If the tube breaks, the 
contents fall into the water and do no harm. 

In the same manner a small bit of sulphur, or of phosphorus, may 
be deflagrated. The latter should not exceed the eighth of an inch in 
diameter. 

In these experiments, the combustible bodies combine energetically 
with the ox}^gen that is set free from the fused nitrate of potash. 


The holiday amusements bemg over, we return to the philosopliical 
consideration of our science. © 
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EXAMPLES OF CHEMICAL OPERATIONS. 

SOLUTION. 


Take a two-ounce 
flat-bottomed solu- 
tion bottle, fig. 19. 
Put into it a quarter 
of an ounce of alum 
in coarse powder. 
Add half an ounce, 
by measure, of 
water.* 

Light your spirit 
lamp. Push down 
the wick till the 
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flame is not above an inch long. If you use gas, make the flame of the 
same size. Hold the bottle with your right hand two or three inches 
above the flame. As soon as you see dew formed on the bottom of 
the bottle, wipe it with a 
diy cloth. Again hold 
the bottle over the flame, 
and again wipe off the 
dew. Move the bottle 
continually to keep the 
flame from heating one 
spot only, which would 
cause the bottle to break. 

Now place the stone- 22 

ware furnace cyUnder round the lamp, to make the flame bum steadily 
Put the wire trellis upon the top of the cylinder, and the bottle upon the 
trellis, exactly over the lamp. Lift the bottle occasionally, and gently 
shake it with a circular motion, to agitate the powder in the liquid. 



* For the weighing of solids, you will require a set of 
small apothecaries* scales and weights. For measuring 
liquids, a glass measure graduated from a drachm to an 
ounce (eight drachms). 
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In a short time the water boils, and the alum disappeai's ; that is to 
say, the water dissolves the alum. Extinguish the flame by putting on 
the cover of the lamp. Allow the solution to cool. 

While it is cooling, ‘ I will explain to you a few chemical terms 
relating to the operation of solution. A solid which thus disappears in 
a liquid is said to be soluble in it. The liquid in which it dissolves is 
called the solvent or menstruum. The resulting liquid is a solution. 
When the solution contains as great a quantity of the solid matter as it 
is capable of dissolving, it is saturated, A solution is known to be 
saturated when fresh solid matter of the same sort, on being put into it, 
remains undissolved. When a saturated solution is mixed with pure 
water, it is said to be diluted. 

Take a small porcelain mortar, two inches in 
diameter. Put into it a quarter of an ounce of 
kitchen salt. Half fill the mortar with water, 

^A\ grind the salt in the water till the latter 

j/ is saturated, which will be the case in a very 
\ ^ minutes. But if all the salt disappears during 

V ; j gt inding, you must add more to the same water, 

till you find the water to be saturated, and unable 
^3* to dissolve any more salt. 

Allow the mixture to settle. Pour the clear part 
of it into a porcelain evaporating capsule of 
3 inches diameter. Only half fill the cap- 
sule. Light your spirit lamp. Put round 
it the furnace cylinder. Place on the 
^4- cylinder the perforated iron plate, fig. 25. 

Put the capsule in the perforation. Let all rest thus 
till the solution boils. Then put into the solution dry 
powdered kitchen salt, and see if it dissolves in the 
boiling solution. Watch the salt at the bottom to see 
if it diminishes in bulk, and watch also the solution at 
the top, to see if any change takes place there. 

You will observe two results : — ist, That the addi- 
tional salt does not dissolve ; — 2nd, That as the water 
of the solution diminishes by evaporation, the salt previously dissolved 
in it is reproduced in the solid form. 

We now return to the solution of alum, which some time ago was 
left to cool. 

If it is cold, you will find that a portion of the alum is deposited in it 
in the solid state. 

We enabled by these exj:)eriments to draw the following — 

* The teacher is supposed to be dic^ting, and the students to be per- 
forming the experiments ; hence the peculiar phraseology of tliis section. 
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Inferences respecting tJte Soluhility of Alum and Salt, 

a. Alum dissolves in lai’ger quantity in hot 
water than it does in cold. 

b. Kitchen salt dissolves equally well in hot 
water and cold water. 

You perceive in this difference of solubility a 
chemical character whereby alum is distinguished 
from kitchen salt. 

EVAPORATION. 

It is necessary to prove to you’ that when a hot 
saturated solution of alum deposits a quantity of 
solid alum upon becoming cold, it does not deposit 
the whole of its alum. 

Take a slip of window-glass an inch wide and 
six inches long. Hold this by one end in a flat 
position. Place upon it, near the other end, a 
drop of distilled w’ater, so as to make a mark about 
half an inch in diameter, as I now show you, [see 
the mark f in the margin.] 

Light your lamp, and warm the drop of water 
over the flame till it all flies off in steam. It will 
leave no solid residue. 

Upon the same glass slip, put a similar drop of 
the clear liquor that rests above the solid aluui in 
the solution bottle. Warm this drop over the 
lamp till tlie glass is again dry. You will observe 
that a solid white substance is left upon the glass where the drop of 
solution was warmed. This solid white substance is alum. 

In the operation of solution, a solid is made to disappear in a liquid. 
In the operation just performed, the reverse is the case ; for here a liquid 
is made to disappear by means of heat, and the solid that was dissolved 
in it resumes its visible form. This operation is termed evaporation. 

PRECIPITATION.— TESTING. 

You can prove by another experiment, that the supernatant liquor in 
the solution bottle contains alum. 

Take a conical test-glass and a glass rod. Pour into the glass a few 
drops of the liquor from the solution bottle. Add to it Liquid Ammonia, 
a few drops at a time, and stir the mixture with a glass rod after each 
addition of ammonia. When, after being stiiTed, the liquor in the test- 
glass smells of ammonia, enough of the latter has been added.^ 
• 

‘ The young student must take care not to smell at ammonia incau- 
tiously, as it may*produce much pain, 

E 2 
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Observe that the effect produced by the addition of ammonia to the 
liquor presumed to contain alum, is the production of a solid substance 
having a white colour and a gelatinous consistence, which sinks slowly 
to the bottom of the test glass. 

The substance tlius produced is alumina, and its appearance proves 
that the clear liquor above the crystals still contains alum. 

This application of any given chemical substance to prove the 
presence of another, by causing a particular phenomenon to take place, 
is termed Testing, The substance thus added is termed a Test^ some- 
times a Reagent. When the product happens to be, as it is in this 
case, a solid substance, the operation is called precipitation, the solid 
produced thus, a precipitate, and the liquid employed to produce it, a 
precipitant. 

There is another test by which the presence of alum in the clear liquid 
can be made manifest by precipitation. 

Take a conical test glass and a glass rod. Pour into the glass a few 
drops of the clear liquor resting above the crystals of alum in the solution 
bottle. Add to it a few drops of a clear solution of CMoride of Barium. 
Stir the mixture with the glass rod. You will observe that a white 
powder is produced. The chemical name of this powder is sulphate of 
barytes. 

DISSOLVING POWER OF DIFFERENT LIQUIDS. 

Take a test tube of the form I now show you, in size about six inches 
long, and half an inch wide. Fill an inch of it with water. Put into 
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it a piece of camphor the size of a pea. Light your spirit lamp. Hold 
the tube near the mouth, by the thumb and second finger of the right 
hand, close the moutli by the application of the forefinger. Hold the 
bottom of the tube about three inches above the flame of the lamp. 
Gradually bring it down till it touches the top of the flame. Keep it 
there for one minute. 

The closing of the tube by the forefinger must take place before you 
apply heat. It is too late when the beat is applied. The use of it is 
to retain a certain quantity of air in the tube, above the liquid. This 
air becomes condensed at the top of the tube, by the steam that is pro- 
duced, and keeps, the tube cold enough to be held by the fingers. But 
if die forefinger is removed for an instant, the air escapes, hot steam 
rushes forth, and the tube is made too hot to be held. 

The camphor will not dissolve in tiSe hot water. 

Pour off the water. Add to the camphor, as mucjjb strong spirit of 
wine as fills an inch of the tube, and again expose it to a boiling heat. 
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The camphor dissolves in the spirit of wine. 

Add to the solution of camphor, in alcohol, twice its bulk of water. 
Close the mouth of the tube with the forefinger ; shake- the mixture ; 
then let it settle. 

You will observe that the camphor is precipitated, that is to say, ife 
reproduced in the solid state. 

Hence camphor is insoluble in water, soluble in alcohol, but insoluble 
in diluted alcohol. 

Take a similar test tube. Put into it half the bulk of a pea of 
pounded alum. Fill half an inch of the tube with alcohol. Boil the 
mixture over the spirit lamp. 

You will find that the alum will not dissolve. 

Yet you found that alum dissolved readily in water. 

Here, then, is a chemical difference between alum and camphor, in 
respect to solubility. Alum dissolves in water, but not in alcohol. 
Camphor dissolves in alcohol, but not in water. 

You will observe that these experiments show it to be necessary, in 
speaking of the solubility of a substance, to name the liquid in which it 
is soluble ; and in speaking of its solubility in any particular quantity of 
the liquid, to name at what temperature the solution is effected, whether 
at the usual temperature of the air, or at a boiling heat. 

CRYSTALLISATION. 

Take a flat glass plate. Put upon one end of it a drop, as large as a 
sixpence, of the saturated solution of kitchen salt, prepared in a former 
experiment (p. 50). Light your spirit lamp. Hold the drop of solution 
over the flame till the edges of the drop begin to look white and diy, 
then remove it from the flame and let it cool. \ 

You will observe, that in proportion as the water flies off in steam, 
the kitchen salt resumes the solid state, in the form of cubes or dice. 

Take another glass plate. Put upon it a drop of the liquor produced 
by cooling the hot solution of alum, prepared in a former experiment 
(p. 49). Boil this drop of solution for an instant over the spirit lamp, 
then remove it and let it cool. 

You will observe tliat the salt will be deposited in the solid state, in 
the form of square and tiiangular pyramids, larger in size than the little 
dice deposited by the kitchen salt. 

Take a bit of nitre, the eighth part of an inch in diameter. Powder 
it, and put it on the end of a flat glass plate. Add a drop of water, 
sufficient to spread as wide as a sixpence, over the nitre. [See letters 
e and/ in the figure in p. 51,] Apply below it the flame of a spirit 
lamp. The nitre will soon dissolve and form a solution. Retain the 
solution in a moderate heat tilf it begins to look dry at the edges. 
Then remove it from the flame and let it cool. 

You will observe that the salt will be deposited, in this case, under a 
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form, differing both from that of the kitchen salt and of the alum. It 
wiU appear like many masses of fibres, all radiating from centres, as do 
the spokes of a wheel, or the bones of a lady’s fan. 

I recommend you to repeat these experiments at your leisure, upon 
larger quantities of the three salts ; and for this purpose, I shall give you 
the following directions : — 

Ckystallisation of Kitchen Salt. — Take half an ounce of kitchen 


salt. Dissolve it in water, by grinding it with water in a porcelain 
mortar, as was done in a former experiment (p. 50). Pour the solution 
from the mortar into a glass tumbler, and let any solid matter settle to 
the bottom. Then pour the clear solution into a 
porcelain capsule of 4 inches diameter. Light a 
small oil lamp/ containing sweet oil, and with the 
wick cut so short, that it burns without smoking. 
Put the furnace cylinder around the lamp, and the 
perforated iron plate upon the cylinder ; fix the cap- 
sule in the perforation. 

The flame of the lamp should not be much more than half an inch 
long, otherwise the heat will be too strong, and the evaporation too 
rapid. The object to be gained, is to evaporate the water continually, 
but slowly. 

Kitchen salt being equally soluble in hot and cold w^ator, it can only 
be separated from its solutions by the evaporation of its water. The 
slower this evaporation takes place, the larger and the more complete in 
tlieir form are the solid pieces of salt, the dice before spoken, which are 
produced in the course of the process. The solid pieces of determinate 
form thus produced in aqueous solutions, in consequence of the abstrac- 




tion of part of the water, are in chemical language 
termed crystals. They are geometrical figures, pos- 
sessing a certain number of plane surfaces, and conse- 



quently a certain number of edges and angles. The 
form which is assumed by kitchen salt, when slowly 
separated from its solution, is that of the dice or cube 
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which I now show you. 


* The above figure represents a stoneware oil lamp, useful for slow 
d evaporations. 5 represents the wick-holder. At the 



upper part is a cup for collecting the oil that overflows 
during tlie combustion, and for returning it, by the hole 
a, into the lamp. 

The annexed figure exhibits a mode of effecting a 
slow evaporation : ^ is the lamp, c the wick-holder shown 
apart,/ the perforated^ iron-plate, resting on the lamp 
cylinder, and supporting an extra stoneware cylinder a* 
The capsule containing the solution to ba evaporated is 
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Crystallisation of Alum. — In the same manner as directed in the 
preceding article, prepare and evaporate a solution of half an ounce of 
alum. Be again careful to evaporate slowly, and do not allow the solu- 
tion to boil. When the evaporation has been carried so far that a thin 
film, or skin, begins to appear on the surface of the solution, you are to 
remove the capsule from the lamp, and set it aside upon a thick woollen 
cloth or cushion to cool. 

The film which appears upon a solution when undergoing concentra- 
tion by evaporation, marks the stage at which the hot liquor is perfectly 
saturated with the salt, and at wliich, if deprived of any more of its 
water, it will begin to deposit a corresponding quantity of its salt At 
such a stage, if the solution contains a salt less 
soluble in cold water than in hoty it will, if allowed 
to cool slowly, deposit in crystals a quantity of salt 
equivalent to the reduction of temperature, and 
these crystals will be the more perfect in propor- 
tion to the slowness with which the cooling is 
permitted to take place. Now, alum is a sub- 
stance of this character, and if its solution is 
brought to a proper state of concentmtion, and 
permitted to cool with a proper degree of slow- 
ness, it will produce crystals bearing a resemblance to the figure which 
I now show you — a figure not unlike two Egyptian pyramids joined 
base to base, and which in scientific language is called an octahedron. 
It is an approximation, more or less near, to this form, which produces 
the little square and triangular pyramids which appear when a drop of 
solution of alum is evaporated upon a slip of glass (p. 53). 

You find, therefore, in the result afforded by the careful crystalHsation 
of alum and kitchen salt, another character which serves to distinguish 
these two substances from one another. Namely, that whereas the 
faces of the crystals of alum are triangular, those of the crystals of 
kitchen salt are square ; and that whereas a perfect crystal of alum pos- 
sesses eight faces, a peifect crystal of kitchen salt possesses only six. 
The first is an octahedron, the last a cube. 

I showed you that when a hot solution of alum was cooled, a certain 
quantity of alum was deposited, but not all that the water held in solu- 
tion, This is a constant result in similar operations. The liquor left 
above a mass of ciystals produced by concentrating or by cooling a hot 
solution, is, in all cases, still a cold saturated solution of the salt in 
question ; for only so much of the salt separates in crystals fi’om the 
cooling liquid as cannot be held in solution at the diminished tempera- 
ture. Consequently, on pouring off the liquor from a mass of crystals, 
and again subjecting it to evaporation and to cooling, a second crop of 
crystals can be procured from it. And by caixying as far as possible 
this alternate haating and cooling of the solution, you may separate in 
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crystals nearly tlie whole quantity of the salt held in solution. The 
technical term for a liquid poured off from a deposit of crystals, is the 
motherMquor, 

By the solution, evaporation, and crystallisation of half an ounce of 
nitre, performed exactly in the same manner as the last experiment with 
alum, you will obtain crystals of nitre in long six-sided prisms, 

A similar experiment made with sulphate of soda will produce crystals 
that ax^ four-sided prisms. 

The evaporation of a drop of the solution of sulphate of soda upon 
a flat glass plfite, readily produces four-sided prisms, mostly so very 
flat as to resemble knife-blades. In general they are radiated, but not 
in so decided a manner as the crystals of nitre described in a former 
experiment 

EFFLORESCENCE. 

If you dry the crystals of sulphate of soda on the glass plate by 
pressing a bit of pai)er upon them, and then expose them on the glass 
to dry air for an hour, you will find that they will lose their trans- 
parency, turn w^hite, and fall to powder. This phenomenon is called 
efflorescence. It occurs when crystals which contain water of crystallisa- 
tion readily part with it to dry air. Most of the salts of soda are of 
this kind. 


DELIQUESCENCE. 

Take half an ounce each of dry carbonate of potash and crystallis(‘d 
carbonate of soda, both in fine powder. Expose them in two separate 
weighed porcelain capsules to the free air for at least a day ; then weigh 
them again. The carbonate of soda will be found to have lost weight. 
The carbonate of potash to have gained w^eight The air of the atmo- 
sphere takes water from the carbonate of soda, or, as it is said, causes 
it to effloresce ; but it gives water to the carbonate of potash, or causes 
it to deliquesce. Deliquescent salts are difficult to crystallise and easy 
to dissolve. 


EFFERVESCENCE. 

Take a conical test glass. Half fill it with water. Put into 
it two pieces as big as a pea of chalk or of carbonate of soda. 
Then add a few drops of muriatic acid. You will immediately 
observe a sort of boiling up, which in chemical language is 
termed effervescence, Tffis effect is produced by the produc- 
tion, and escape through the water, of a quantity of gas. 

If you perform this experiment with larger quantities of 
materids than is mentioned here, it is proper to place the coni** 
cal glass in the middle^pf a flat-bottomed glass capsule. 
In that case, when the acid boils over, it does not soil 
the table, « 
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SUBLIMATION. 

Sublimation is a process by which volatile substances are converted 
by heat into vapours, and by the withdrawal of heat again condensed 
into solids. In small experiments under- 
taken to prove that a substance will sublime 
when heated in close vessels, or that, when 
it sublimes, it produces a particular kind of 
vapour, as respects its colour or smell, or 
that it produces crystals: or in experiments 
made to ascertain whether a substance is 
volatile or not, or whether or not it can be 
converted into a volatile substance ; in these, 
and many other analytical cases of sublima- 
tion, it is now common to use no other appa- 
ratus than a glass tube closed at one end, 
and formed of very infusible glass. The 
substance to be sublimed is placed at the 
bottom of the tube, and is then exposed to heat. The sublimate, if 
any is produced, condenses upon the upper part of the tube, and 
is there examined. The quantity of matter taken for such an 
experiment need not in general be more than will lie upon this 
figure. 

These general directions will enable you to comprehend readily the 
following experiments : — 

1. Spread a small quantity of grossly-powdered gum- 
benzoin on the bottom of a porcelain basin, invert over it 
a glass tumbler, and apply to it a gentle heat by means of 
the lamp-furnace : the gum will melt, and dense fumes will 
immediately rise from it and deposit themselves on the 
sides of the glass in Ijeautiful silky crystals of benzoic acid. 3^* 

2 . Take a large glass jar, containing at its top a sprig of 
rosemary or some such shrab, and invert it over a flat thick 
piece of heated iron on which coarse powder of gum-ben- 
zoin has just been spread — then, the benzoic acid which 
rises, as in the preceding experiment, will be deposited on 
the branches of the shrub, producing a singular and beau- 
tiful representation of hoar frost. 

3 . Put a little camphor on a tin plate. Invert a conical 
test glass over it. Apply the heat of a spirit lamp below. 

The camphor readily sublimes. 

4. Put a grain of iodine into a small flask, or glass tube, and apply 
heat. Splendid violet vapoui's o^^iodine soon fill the tube. When the 
sublimation of iodine is effected slowly, crystals are formed. 

5. Sublime a^rain of cinnabar in a tube one-third of an inch wide. 




o 
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6. Sublime a grain of calomel in a similar tube. These two mer- 
curial compounds will be found to be less easily volatilized than cam- 
phor, iodine, benzoic acid, and some other substances. 

7. Put a grain of red oxide of mercury into a very small glass tube, 
and apply heat till the red oxide is entirely volatilized. Metallic mer- 
cury will condense on the sides of the tube, and oxygen gas escape at 
the mouth. 


DISCRIMINATION OF VEGETABLE, ANIMAL, AND 
MINERAL BODIES. 


A. — Some of the properties of Nitrate of Potash, as dis- 
tinguished FROM Carbonate of Potash. 


Prepare the nitrate of potash as follows : — Take a test spoonful' of it 
in powder. Put it into a test tube half an inch wide by 3 or 4 inches 
long ; add two drachms of water, and apply heat by means of the spirit 



38. 

lamp. If the solution thus produced is turbid, filter it through a small 
paper filter, supported in a filter ring laid on a beaked tumbler. The 
filter is not to be washed, nor the solution to be di- 
luted. 
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I. Put a few drops of the solution of nitrate of 
potash into a conical test glass. Add two or three 
drops of nitric acid. There will be no effervescence, 
and no visible change. 

2. Put into a similar conical test glass, a 
few drops of a concentrated solution of car- 
bonate of potash. Add two or three drops 
of nitric acid. There will be a strong effer- 
vescence, and a discharge of colourless in- 
odorous carbonic acid gas. 


^ 'The test spoon is made of 
German silver. The bowl of it is 
hemispherical, and about a quarter 
of an inch in diameter. A test 
spoonful is as much of anything as 
can be conveniently lifted and carried in this spoon without spilling any 
of it. I use this term instead of tl^ more indefinite term, a small 
quantity,^* The handle of the test spoon is formed into a spatula, and 
serves for mixing powders with fluxes, in blowpipe experiments, fe. 
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3. Put a few drops of the solution of nitrate of potash into a 
conical test glass. Add two or three drops of a solution of nitrate of 
lime. Stir the mixture with a glass rod. No change will take place. 

4. Put into a similar conical test glass a few drops of a solution of 
carbonate of potash. Add two or three drops of a solution of nitrate 
of lime. Stir the mixture with a glass rod. An abundant white 
precipitate will appear. Add a few drops of nitric acid, and again stir 
the mixture. The white precipitate will effervesce and disappear. 

5. Eesults of this Experiment , — The student is furnished with a 
process by which he can always distinguish carbonate of potash from 
nitrate of potash. The use of thi^ will be shown presently. 


B. — Some of the Properties of Charcoal. 

Light your spirit lamp. Take a bulb glass tube of this size : [repre- 
sented by the engraving, %. 42.] Hold it by the open end. 
Warm it over the flame to dry it. Take a piece of charcoal the size of 
a pea, that is to say, a ball of a quarter of an inch in diameter. Put it 



into the tube. Hold the tube witli tire thumb and middle finger of the 
right hand in a horizontal position, or nearly so. Close the mouth of it 
with your forefinger, and heat the bulb over the flame till the charcoal 
becomes red hot. 

1. Now observe, 

That rvater appears u[)on the inner sides of the neck of the tube. 
That die charcoal remains apparently unaltered. 

2. Push a narrow slip of blue litmus test paper into the tube so as to 
become wetted by the water. 

Do the same with a slip of red litmus or of yellow turmeric test 
paper. 

Observe that the water expelled by heat from charcoal produces no 
change in these vegetable colour^ It is, in fact, merely hygroscopic 
moisture, and is neither acid nor ^caline. 

3. Take a smull thin porcelain cup one inch in diameter, and fix it 
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upon a thin wire triangle over the flame of 
a spirit lamp. Instead of the porcelain cup, 
you may use a very short glass tube closed 
at the bottom, or still better, a platinum 
cup one-third of an inch or half an inch in 
diameter. If the latter has a handle, it may 
be held by means of the small tongs, p. 6i. 
If not it may be supported on a very thin 
iron triangle.* 

Into this vessel put a test spoonful of nitrate of potash. 
Light the lamp and bring the nitrate of potash into full 
fusion. Then, without removing tiie flame, add to the 
melted nitre a few pieces, each as big as a pin’s head, of the 
charcoal that was previously heated in the glass tube. You will observe 
that Deflagration takes place, that is to say, explosion accompanied 
by fire, within the cup ; and that the charcoal swims about red hot on 
the nitre, and finally disappears. 

4. When the porcelain cup is become nearly cold, half fill it with 
water, and boil the water to produce a solution of the substance, 
afforded by the deflagration of the charcoal in the nitre. If you use a 
platinum cup, it can be put into a glass tube and boiled with the water. 
Filter the resulting solution in the manner described at Exp. A, page 58. 

5. Put a few drops of this solution into a conical test glass. Add 
two or three drops of nitric acid. There will be a strong eflervescence. 

6. Put a few drops of the solution into a conical test glass. Add 
two or three drops of a solution of nitrate of lime. There will be a white 
precipitate. Add to this two or three drops of nitric acid, and stir the 
mixture with a glass rod. The precipitate now dissolves with effervescence. 

* The fixing of the cup at a proper distance above 
the flame, is effected by means of the retort holder^ 
which consists of a perpendicular metal rod, a wooden 
foot, and a horizontal arm of thin brass wire, ter- 
minated at one end by a triangle, and at the other by a 
coil, which runs on the perpen^cular rod, and which 
can be fixed at any height above the foot, by simple 
pressure upon the triangle. The size of the triangle 
can be diminish^ by smaller triangles of very 
fine wire, bent as I now show you (fig. 46), 
and placed across the larger triangle. 

The porcelain cup can also be fixed above 
the spirit lamp by means of the cylinder of 
the lamp ftmiace. A flat iron top is put on 
the cylinder, and a fine iron triangle placed 
upon it. The cup is then fixtd in the triangle. 



46. 
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7 . Support a splinter of the same charcoal before the flame of tlie 
blowpipe/ or near the edge of the 
spirit lamp ; holding it on a piece 
of platinum foil, or in a platinum 
cup held spoon-fashion by means 
of the platinum tongs. 47* 

Observe that the charcoal bums without flame, gradually diminishes 
in size, and finally disappears, except a very small quantity of a white 
incombustible ash. 

Result , — Experiments B, 3 to 6 , in conjunction with Experiments A, 
I to 5 , prove that the defiagrauon of nitre with charcoal changes 
Nitrate of Potash into Carbonate of Potash, 

C. — Nature of Vegetable Bodies. 

I . Take a piece of dry writing paper an inch square. Crush it up 
into a lump the size of a pea. Put it into a glass tube, such as that in 

‘ The sort of blowpij)e to be used in these experiments is repre- 
sented in the following figure. For instmctions as to the method of 




using it, I refer you to my “ Treatise on Chemical Manipulation^^' 
wherein I have treated comprehensively of the use of this instrument. 

I make no apology for introducing the use of the blowpipe thus 
early into an elementary course of experiments, P 

because I am persuaded that such a course cannot 
be carried on cheaply and conveniently xmless the JQ- . 

blowpipe is made to replace the furnace as often as r 

possible. Besides, there is no reason why the use 
of this instrument ought to be deferred. The pre- 
sumed difficulty of learning to use it is quite 

imaginary, as I do not doubt it will be found by all 

who take the trouble to consult the work to which cz 
I have referred. • 49- 

The lamp use^ for experiments with the blowpipe is represented in 
the maigin (fig. 45 ). 
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which you ignited the piece of charcoal, Exp. B. Take a slip of blue 
litmus test paper, and a slip of yellow turmeric test paper, and slightly 
moisten both of them with clean water, by means of the water bottle, 
page 31. Now ignite the piece of paper by holding the bulb of the 
tube in the flame of the spirit lamp. As soon as you see a white 
smoke in the tube, dip into it the blue test paper. After a moment 
take out the blue paper and put in the yellow paper. 

2. Observe, that the white paper heated in the tube is converted 
into a black substance, preserving the same size and shape. 

3. That a brown oily liquid is def)osited on the sides of the tube. 

4. That the blue test paper turns red, and that the yellow test paper 
remains unchanged, in the volatile matter given off during the ignition, 

5. Fix a porcelain cup, by means of a wire triangle, over the spirit 
lamp. Melt in it three grains of nitre. Throw into the hot melted 
nitre, part of the black substance produced by the charring of tlie paper 
in tile tube. 

6. Observe that deflagi*ation is produced, and that the black substance, 
after swimming about in the nitre red hot, finally disappears, precisely 
as the charcoal was observed to do in Exp. B, 3. 

y. Boil water in the porcelain cup to dissolve the salt produced by 
the deflagration. Filter the solution without diluting it, and divide it 
into two portions in conical test glasses. 

8. Add to one portion a few drops of nitric acid, which will occasion 
an effervescence. 

9. Add to the other portion a few drops of a solution of nitrate of 
lime, which will produce a white precipitate; then add a few drops of 
nitric acid, and stir the mixture with a glass rod, whereupon the white 
precipitate will effervesce and re-dissolve. 

10. Support the remainder of the black substance before the blow- 
pipe flame. Hold it upon platinum foil, or in the platinum cup. See 
B, 7. 

j I . Observe that it burns away without flame, and leaves nothing 
but a very small quantity of incombustible white ashes. 

hferences respecting the Nature of Vegetable Bodies, as exemplified 
by these experiments on paper, 

a. They contain charcoal. The proof of this fact is afforded by the 
properties of the mixed black substance which is left when the 
paper is ignited in close vessels. 

h. They contain the elements of a volatile acid, which acid they 
produce when subjected to the red heat in close vessels. This 
acid is vinegar. 

This experiment will also enable y^u to understand the nature of the 
process by which vinegar is made from wood. Large iron vessels, fixed 
in a fiimace, arc filled with wood, and then shut close, •'with the excep- 
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tion of a pipe that is fixed into each of them. The fire is then lighted 
in the furnace, and the iron vessels are made red hot. Vinegar issues 
from the pipes, and when it is aH passed out, the iron vessels are 
opened, and the wood is found to be converted into charcoal. 

The vinegar thus produced is not in a pure state, but is mixed with 
the brown oily liquid that you found to condense on the sides of the 
glass tube during the ignition of the paper. It is freed from this 
liquid by subsequent operations. 

D. — Nature of Animal Bodies. 

1. Take a dried cochineal insects or a bit of a feather. Put it into a 
glass tube. Prepare moistened slips of blue and yellow test papers. 
Ignite the insect by holding the tube in the flame of the spirit lamp, 
and put into the tube during the ignition, first the blue test paper, and 
then the yellow test paper. The ignition need not last longer than one 
minute. 

2. Observe that the ignited insect is converted into a black substance 
like charcoal. 

3. That a brown oily liquid is deposited on the sides of the tube. 

4. That there is a strong smell of burnt oil and hartshorn. 

5. That the blue test paper remains unaltered, and the yellow test 
paper turns brown. 

6. Fix a porcelain cup upon the wire triangle over the spirit lamp. 
Melt in it three grains of nitre. Throw into the melted nitre part of 
the black substance produced by the ignition of the cochineal. 

Observe that deflagration is produced, aiid that the black substance 
disappears. 

7. The product of the deflagration, if dissolved and filtered will be 
found, by the process formerly given, section C, Nos. 7, 8, 9, to con- 
tain carl^nate of potash. 

8. Hold the rest ol the black substance in the platinum spoon before 
the blowpipe flame. 

Observe that it burns away without flame, and leaves only a very 
small quantity of white ashes. 

9. Inferences respecting the Nature of Animal Bodies, as exempli- 
fied hy the cochineal insect, 

a. They contain charcoal. 

b. They contain the elements of a volatile alcali, which alcali they 

produce when subjected to a red heat in close vessels. 

These experiments enable you to understand the nature of the process 
by which spirits of hartshorn is made. 

Hartshorn, or more commonly the bones of animals, is ignited in 
iron vessels, shut quite close, wi^ the exception of a pipe to carry off 
gases. What passes out of the vessels during the ignition, is the 
volatile alcali, ammonia, in company with the brown oil which in your 
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experiment is deposited on the sides of the glass tube. Spirits of 
hartshorn is just such a mixture. The volatile alcali, ammonia, is 
spirits of hartshorn deprived of its brown oil. 

The fetid smell produced in your experiment, arises not so much 
from the alcali, as from the brown oil, which contains a variety of 
odorous compounds. 

The fixed matter that remains in the iron vessels, after this opera- 
tion, is of a black colour. It is ground into powder, and sold under 
the name of hone blacky or animal charcoal. When ignited in the open 
air, this black substance burns away partly, and leaves a white residue, 
commonly called hone ash. The part that burns away is charcoal. The 
white residue is phosphate of lime. This is the sohd matter of all 
bones, but is not a component part of flesh, 

E. — I do not intend to pursue the Analysis of Organic Bodies any 
farther ; but the following facts I beg you to bear in recollection : — 

1 . A substance that gives off volatile matter when ignited in a glass 
tube, and leaves a charred residue that deflagrates with melted nitre, 
is almost invariably of organic origin, 

2. If the volatile matter disengaged during the ignition turns blue 
litmus red, the substance is almost always of vegetable origin. 

3. If the volatile matter turns yellow turmeric brown, the substance 
is almost always of animal origin, or if not so, it is one of those vege- 
table bodies that contain nitrogen, 

4. A substance that does not char when ignited in a glass tube, nor 
give off volatile matter, nor deflagrate with melted nitre, is certainly 
derived from the mineral kingdom. 

5. If a substance chars in a tube, gives off volatile matter, and affords 
a residue that deflagrates with nitre, yet will not burn entirely away 
when heated in a platinum cup in free air, then it consists, partly of an 
organic, and partly of an inorganic substance; as, for example, of a 
vegetable acid combined with an earth, or of a metallic acid combined 
with a vegetable alcali. 

6. Several mineral bodies give off water in the tube, or turn black 
when heated, or deflagrate with nitre, or bum entirely away in the open 
air; but no single mineral substance can exhibit all the phenomena 
which have been described, as characteristic of organic bodies.^ 

‘ Substances to he given as Exercises on this Experiment, — The 
teacher may give the student small quantities of some of the following 
substances for examination according to this process. Alum, salt, chalk, 
red lead, starch, ground rice, gum kino, peroxide of manganese, pounded 
charcoal, sulphur, acetate of lead, fibres of asbestus, fibres of cotton, 
fibres of silk, acetate of copper, wife any kind of dried vegetable or 
animal substance. 
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QUALITIVE ANALYSIS OF SALTS. 

I PROPOSE to give in this section a Course op Testing adapted for 
beginners. The course may be followed by a single student, Using the 
book as his guide ; but the experiments are such as can also be per- 
formed by a large number of students, each provided with a set of 
apparatus, and all working simultaneously, under the direction of a 
teacher. 

The object proposed is to analyao a certain number of the compound 
bodies termed Salts, embracing those of the most important Acids, 
Alcalies, Earths, and Metals ; and in order that the solution of the 
problem may not be rendered too difficult, only such salts are to be taken 
as will dissolve in water. 


SUBSTANCES TO BE SOUGHT FOE.' 

The instructions now to be given apply only to compounds which 
dissolve in water, and which contain no other metals, and salts of no 
other acids, than those I am about to name : — 


These Metals — 

1. Potassium. 

2. Sodium. 

3. Ammonium, 

4. Barium, 

5. Strontium, 

o. Calcium, 

7. Manganese. 

S. Iron, protosalts. 

9. Magnesium. 

10. Cadinium. 

11. Bismuth. 


12. Zinc. 

13. Tin, protosalts. 

14. Aluminum. 

15. Lead. 

16. Tin, persalts. 

17. Antimony. 

18. Mercury, proto- 
salts. 

19. Cobalt. 

20. Copper. 


21. Nickel. 

22. Chromium. 

23. Iron, 
mixtures of 
persalts with 
protosalts. 

24. Mercury, persalts. 

25. Gold. 

20. Iron, persalts. 

27. Silver. 


11. Oxalates. 

12. Carbonates. 

13. Sulphates. 

14. Chromates. 


And these Classes of Salts — 


1. Nitrates. 

2. Chlorates. 

3. Chlorides. 

4. Iodides. 

5. Arsenites, 


6. Sulphides. 

7. Fluorides. 

8. Phosphates. 

9. Arseniates. 

10. Borates. 


* From this point the text may be read as instructions to those who 
are to make the eitperiments. 
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Any single salt, soluble in water, and containing one of these 27 
metals and one of the acids of these 14 classes of salts, can be analysed 
by the method now to be described.' 


' The teacher who gives out the salt to be examined takes care that 
these conditions are fulfilled, that the salt is pure, and that it contains 
no other substances than those I have enumerated. 

Free acids and bases should not be given to pupils until they have 
had some experience in the testing of salts ; because, in many cases, they 
do not, until neutralized, act towards the reagents in the same manner as 
their respective salts. And when they are for the first time given to 
the pupils, notice should also be given that free acids and bases may be 
found among the substances given for analysis. 

LIST OF THE APPARATUS REQUIRED BY EACH 
STUDENT FOR THIS SET OF EXPERIMENTS. 

a. Appakatus for Indicating Tests. 

Small porcelain pestle and mortar. Water bottle to supply water to 
Test spoon (German silver). tubes. 

Flat-bottomed flask, to hold i or Glass funnel and support. 

2 ounces of water. 2 straight pipettes, small size. 

Pipette graduated to 25 septems. 8 conical test glasses with sj)out. 
Glass spirit lamp. 8 glass stirrers, 3 inch. 

Gotten wick for lamp in a box. Rest for stirrers and pi]iettes. 
Small brass tongs to trim the wick. Boiling tube, 6 inches by i inch. 

Lamp furnace cylinder with holes. Handle to hold the boiling tube 
Trellis top for lamp furnace. while hot. 

Box with ICO circular filters 2-} Book of red litmus test paper. 

inches diameter. Book of blue litmus test paper. 

Filter-ring to hold the filter over a Pair of tubes for testing with 
test glass. sulphuretted hydrogen. 

9 capped bottles with pipettes (fig. 6, p. 33), about 2 oz. size, contain- 
ing solutions of the following tests : — 

Carbonate of Soda. Nitrate of Silver. 

Liquid Ammonia. Nitrate of Lead. 

Caustic Potash. Chloride of Calcium. 

Red Prussiate of Potash. Nitric Acid. 

Nitrate of Barytes. 

2 wide-mouthed stoppered bottles with the following dry tests ; — 
Sulphide of Calcium. 1 ^isulphate of Potash. 

h. Apparatus for Confirming Tests, — See^page 83, 
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That you may have an idea of the compounds with which you must 
expect to meet, I now show you a list of salts, acids, and bases, that 
may be presented to you for analysis. 


Nitrate of 

1. Potash. 

2. Soda. 
Ammonia. 

4. Barytes. 

5. Strontian. 

6. Lime. 

7. Magnesia. 

8. Cadmium, 
g. Bismuth. 

10. Zinc. 

11. Tin, prot- 
oxide. 

12. Alumina, 
i^. Lead. 

14. Tin, per- 
oxide. 

15. Mercury, 
protoxide. 

16. Cobalt. 

17. Copper. 

18. Nickel. 

19. Chromium. 

20. Mercury, 
peroxide. 

21. Silver. 

Chlorate of 

22. Potash. 

23. Barytes. 

24. Lime. 

25. Silver. 

Chloride of 

26. Potassium. 

27. Sodium. 

28. Ammonium. 

29. Barium. 

30. Strontium. 


Chloride of 

31. Calcium. 

32. Manganese, 

33. Iron, proto. 

34. Magnesium. 

35. Cadmium. 

36. Bismuth. .• 

37. Zinc. 

38. Tin, proto. 

39. Aluminum. 

40. Tin, perch. 

41. Antimony. 

42. Cobalt. 

43. Copper. 

44. Nickel. 

45. Chromium. 

46. Iron, mixed 
per- and pro- 
tocbloride. 

47. Mercury, 
perchloride. 

48. Gold. 

49. Iron, perch. 

Iodide of 

50. Potassium. 

51. Sodium, 

Arsenite of 

52. Potash. 

53. Soda. 

Sulphide of 

54. Potassium. 

55. Sodium. 

56. Ammonium. 

57. Barium. ^ 

58. Calcium. 


Fluoride of 

59. Potassium. 

60. Silver. 

Phosphate of 

61. Soda. 

62. Ammonia. 

Arseniate of 

63. Potash. 

64. Soda. 

Borate of 

65. Potash. 

66. Soda. 

67. Ammonia, 

Oxalate of 

68. Potash. 

69. Soda. 

70. Ammonia. 

Carbonate of 

71. Potash. 

72. Soda. 

73. Ammonia. 

Sulphate of 

74. Potash. 

75. Soda. 

76. Ammonia. 

77. Manganese. 

78. Iron, proto. 

79. Magnesia. 

80. Cadmium. 

81. Bismuth. 

82. Zinc. 

83. Alumina. 

84. Cobalt. 

85. Copper. 

86 . Nickel. 


Sulphate of 

87. Chromium. 

88. Iron, per- 
and proto- 
salts mixed. 

89. Iron, perox. 

Chromate of 

90. Potash, 

91. Soda. 

Free Bases, 
soluble in water. 

92. Potash. 

93. Soda, 

94. Ammonia. 

95. Barytes. 

96. Strontian. 

97. Lime. 

Free Acids 
in aqueous 
solution. 

98. Nitric. 

99, Chloric. 

100. Muriatic. 

1 01. Hydriodic. 

102. Arsenious, 
10^. Sulphuret- 
ted Hydro- 
gen. 

104. Hydro- 
fluoric. 

105. Phosphoric. 

106. Arsenic, 

107. Boracic. 
1<S)Q. Oxalic. 

109, Carbonic, 
no. Sulphuric. 

III. Chromic. 
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PREPARATION OF A SOLUTION OF THE SALT. 

You are now supposed to be furnished with a set of testing apparatus, 
with reagents, and with a salt intended to be analysed.^ You are there- 
fore ready to proceed. 

The first thing you have to do is to make a solution of part of the 
substance for analysis. 

Pulverize your salt in the small porcelain mortar, till it feels no longer 
gritty between the finger and thumb. Put the half of the powder upon 
the end of a slip of glazed writing-paper, and insert it, as I now show 
you,* into a one-ounce or two-ounce fiat-bottomed solution flask. Next, 
pour into the graduated measure one drachm of water. Add this to 
the powder in the flask. Be sure not to spill any of the water on the 
outside of your flask, or if you do spill it, be sure and wipe the flask dry. 


' Advertisement to Teachers . — The quantity of dry salt supplied for 
the first experiment may be lO grains to each pupil ; one half to be 
used in forming a solution for examination by the Indicating Tests ; the 
other half to be kept in the solid state for examination by the Blowpipe, 
or by the Confirming Tests. The salt may be also presented upon the 
first occasion in its crystallised state, in order that the beginner may 
have the advantage of any information he can derive from the physical 
properties of the substance. In subsequent experiments, the quantity of 
the salts should be gradually reduced from lo grains to i grain, and it 
should be presented in fine powder. 

In some cases, and perhaps generally after the first two lessons, the 
compounds for examination may, in order to save time, be presented to 
the class in a state of solution, each pupil being furnished with a small 
bottle containing one or two drachms of the liquid that is to be tested. 
In this case, the teacher or his assistant prepares the solution previous 
to the assembling of the class, observing the precaution of making the 
solutions of the same strength that they would have been had they been 
prepared by the class individually, according to the instructions given in 
the text. 

* Method of inserting powders into deep narrow vessels . — Take a long 
slip of highly-glazed writing-paper, as wide as the diameter of the 
mouth of the vessel into which the powder is to be inserted. Fold this 
longitudinally into a sort of gutter, and place the powder upon one end 
of it. Hold the vessel in a horizontal position, and insert the paper 
gutter into it* the end bearing the powder first. Then hold the vessel 
upright upon which the powder falls^rom the paper to the bottom of 
the. vessel. Withdraw the paper in such a manner as not to soil the 
neck of the vessel « 
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As the half of your salt is 5 grains, and the drachm of water is 60 
grains, your solution will contain i in 1 2 of solid matter, which is a 
good proportion for most solutions.' 

Light your spirit lamp,* Push down the wick till the flame is not 
above an inch long. Hold the flask over the flame. Move it gently 
round in a small circle about an inch above the flame, so as to warm 
all parts of its bottom, and to mix the powder with the water by the 
gyration. You will soon see dew formed on the bottom of the flask. 
Wipe the dew away with a cloth. Again hold the flask over the flame. 
Again wipe off the dew, 

. Now place the fiunace cylinder round the lamp — put the wire trellis 
upon the cylinder, and set the flask upon the trellis, exactly over the 
flame. Lift the flask about once a minute, and gently shaka it round, 
to mix the powder with the water. As you have different salts to 


‘ To the Teacher , — As you lessen the quantity of solid matter, you 
must prescribe the application of less water, else the solutions will 
become too dilute. The proportion of i to 12 may serve as a general 
rule, though sometimes more water is necessary. 

® When this lesson is to be taught to a number of students, and gas 
is at command, spirit lamps may be economically dispensed with. 

A long plank, about a foot broad (or two feet broad if the locality 
permits it), and two inches thick, is supported horizontally with the 
surface at 33 to 36 inches above. the floor. A gas-pipe is fixed upon 
the centre of the upper side of this plank, and runs its whole length. 
At 1 8 inches distance from each other there are upright jets rising from 
this gas-pipe, the whole of wliich are under the control of the teacher, 
who stands at one end of the plank, where there is a stop-cock to regu- 
late the issue of the gas — 
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C 


: : : : : ! 
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3 
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50. 

The lines A B C D represent the upper surface of the plank. P is 
the gas-pipe running down its centre ; g g g g g represent the jets of 
gas. T is the position of the teacher, who is able to see everything 
that is transacted the whole length of the board. The pupils who are 
to be exercised in experimenting, stand on both sides of the board, 
one opposite to every gas-light, as shown by the numbers i, 2, 3, 4, 5, 
If stoneware furnaces (fig. 2 1 , p. 49) to be used to support vessels 
over the gas jets, the long gas-pipe must be sunk into the surface of the 
plank ; or it may be affixed to th^ under surface of the plank, and the 
jets be passed up through the plank. Each jet may also be provided 
with a separate stop-cock, where the cost can be afforded. 





70 


PBEPABATIOK OE A SOLUTION OE THE SALT. 


examine, your solutions will not all be produced in the same time, for 
some salts require nlore water than others, and more time to dissolve. 
What I have now to say will therefore concern only some of you. In 
three or four minutes the w^ater will boil, and if present in sufficient 
quantity will dissolve the salt. But if the salt, after two or three 
minutes* boiling, does not dissolve, you must remove the flask from the 
lamp, let the boiling cease, insert a flinnel into the flask, and add half a 
drachm more water. Then boil again. 

The solution being thus effected is next to be filtered. Extinguish 
the flame ; let the solution cool ; and, in the meantime, prepare your 
filter. 

Take a funnel-holder. Fix the horizontal branch of it at six inches 
above the foot. Put into the horizontal branch a glass funnel of 
inch diameter. Take a circular filter of 2| inches diameter. Fold it 



5 ^. 

into a quadrant Open one of the folds so as to make a cone. Place 
it in the funnel, and sprinkle water over the paper by means of the 
washing bottle, till it is made w^et enough to sit close to the bottom of 
the funnel. There must be a space of one-eighth of an inch between 
the top of the filter and the edge of the funnel ; that is to say, the filter 
must be so much smaller than the funnel. Place a conical ounce test 
glass below the neck of the funnel, as I now show you. [See the cut.] 
Now pour the solution from the flask into the filter. Take care not to 
pour in so much at a time as to rise sjjjove the top of the filter. When 
tlie solution is all run through the filter into the test glass, you have it 
prepared for testing. , 
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CLASSIFICATION OF TESTS. 

I divide Tests into two Classes. The First Class comprises those 
which are most general in their reactions, and which, on being applied 
in proper order to the solutions prepared for testing, serve to indicate 
the metals and acids which probably compose the compounds subjected 
to analysis. 

The Second Class comprises those more particultur tests which on 
being applied to a compound preswmd, from the action of tests of the 
first class, to be composed of certain constituents, serve either to confirm 
or to disprove the presumed composition of the substance submitted to 
analysis. 

The first class are called Indicating Tests ; the second class Confirming 
Tests, 

L— INDICATING TESTS. 

I shall begin with the Indicating Tests, which are of two kinds, such, 
namely, as serve to point out tiie metals contained in the salts, and such 
as point out the acids. 


A.— TESTING FOR METALS. 

The application of tests always commences with the application of 
the Indicating Tests for Metals, These are five in number, namely : — 

1 . Carbonate bf Soda. 

2 . Liquid Ammonia. 

3. Caustic Potash. 

4. Red Prussiate of Potash. 

5. Sulphuretted Hydrogen Gas. 

The first four of these tests you have ready in solution ; the last you 
will prepare at the moment when it is required, I proceed to tell you 
how these tests are to be applied. 

Experiment i. — Pour six drops of the solution of the 
unknown salt into a conical test glass, fig. 52. Add to 
it three drops of Carbonate of Soda, Stir the mixture 
with a glass rod. If no precipitate appears, add three 
drops more of the carbonate of soda. Again stir the 
mixture. 

You will get A PRECIPITATE or NO PRECIPITATE. In 
either case, you are to record the result on the Assay 53. 
Note, which I now hand to you, and upon which you will find direc- 
tions for filling up the blanks. i 



^ To Teachers , — The Assay S^ote affords an easy and effectual check 
on the pupil’s (^refubess of manipulation and power of observation. A 
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If Carbonate of Soda produces m precipitate, the metal contained in 
the salt is one of these three : 

No. I. Potassium. 

2. Sodium, or 

3. Ammonium. 

In this case, you need apply none of the other Indicating Tests to your 
solution, for they can give no farther information. You will discriminate 
these three metals by means of the Confirming Tests, of which I shall 
speak after going through the set of indicating tests. 

If, on the contrary, the carbonate of soda produces a precipitate, you 
write P on the Assay Note, and then proceed to apply the next test to 
your solution. The colour of the precipitate produced by carbonate of 
soda is of no importance in the present case, and need not be marked 
on the Assay Note. 

Expermznt 2. — Pour six drops of the unknown solution into another 
test glass, and add six drops of Liquid Ammonia, Stir the mixture. 

If no precipitate is produced, the metal contained in the salt is 

No. 4. Barium. 

5. Strontium, or 

6. Calcium. 

How to discriminate these three metals, I shall show you hereafter by 
means of Confirming Tests, You can get no farther information re- 
specting any of them from the Indicating Tests. 

If, however, you goX a precipitate with Liquid Ammonia, you write 
P on your Assay Note, and proceed to the next reagent. In the 
present case, as in the last, the colour of the precipitate need not be 
marked on the Assay Note. 


contrivance of this kind is quite essential when the number of pupils is 
so considemble that the teacher cannot readily see what every one of 
them is doing. Suppose that 20 students are engaged in simultaneous 
Testing. They are furnished with 20 different substances selected from 
the list given at page 67, and numbered i to 20. They are also 
provided with printed copies of the Assay Note, which at the conclu- 
sion of the Lesson are returned to you, duly filled up and subscribed by 
the 20 different analysts. As you know beforehand what ought to be 
written in every vacant space of each Aseay Note, it is, of course, easy 
to check either an inaccurate experiment, or an erroneous deduction. 

The superin tenderice of such a class, and the examination of the Assay 
Notes, can be intrusted to an assistanti provided he be furnished with a 
set of Assay Notes, filled up to correspond with the indications that 
’svould be afforded by all the substances enumerated at page 67. 
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ASSAY NOTE, No. 

TESTS FOR THE METAL. 


Carbonate of Soda 


Ammonia 


Potash 


Red Pmssiate of Potash , . . . | 


Sulphuretted Hydrogen 


METAL INDICATED .... 



TESTS FOR THE ACID. 


Niti'ate of Barytes 


Nitrate of Silver 


Nitrate of Lead 


Chloride of Calcium 


ACID INDICATED 



Dieections. — Against the word No. , write the number that is 
marked ui)on the envelope of the salt, or upon the bottled solution 
which is presented to you for analysis. Fill up the blank spaces opposite 
the names of the tests as follows : — If you get no precipitate, insert a 
cipher, o. If you get a precipitate, write P, and add the colour of the 
precipitate, thus : P white, or P brown. If the precipitate dissolves in 
an excess of the test, add S after the colour, as P white S, P brown S, 
When the metal and the acid are indicated, write their names in the 
spaces provided for that purpose. Sign your name below- 

, Analyst . 


Date 
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Experiment y . — Pour six drops of the unknown solution into an 
ounce-test glass. Then take a quantity (one or two fluid drachms) of 
Caustic Potash in a dro})ping tube such as I now show you. Hold the 
dropping tube in your left hand, and let the potash fall, 
otte drop at a time, into the solution under analysis. Stir 
the mixture with a glass rod after each addition of potash. 

You will, in this case, be sure to get a precipitate, and 
you have two things. to observe in respect to it — first, what 
colour it has, and secondly, whether, subsequent to its first 
production by means of a small quantity of [)otash, it can 
be dissolved, or made to disappear, by adding a larger 
quantity of potash. 

The colours of the precipitates produced by caustic 
potash are white, hlouik, blue, green, yellow, and brown. The 
white precipitates are distinguishable into two varieties; 
those which dissolve in an excess of potash, and those which 
do not. 

Although it is impossible to apply potash at this stage 
of the analysis without causing precipitation, yet it is very 
possible to add, in carelessness, too much of the potash at 
once, and so to render the resulting precipitate invisible at 
the instant of its production. This is the reason why I 
tell you to add the potash gradually, that you may see the 
precipitate when first produced, and notice its colour before it is re- 
dissolved. 

Fill up your Assay Notes according to what you observe, write P for 
precipitate, then the name of the colour, and add S when the precipitate 
is soluble in an excess of the potash. 

I proceed to notice the different kinds of precipitates produced in this 
experiment, beginning with those of a white colour. 

The white precipitates that are insoluble in an excess of potash indicate 
these five metals : — 

No. 7. Manganese. No. 10. Cadmium. 

8. Iron, its protosalts. Ii. Bismuth. 

9. Magnesium. 

I have now to tell you how to distinguish these five metals from one 
another. 

Experiment 4. — Take six drops of the unknown solution in a test 

f lass, and add two or three drops of a solution of Red Prussiate of 
^otash, 

A Broim precipitate indicates Manganese. 

A Blm precipitate indicates Prqjosalts of Iron. 

ATo precipitate indicates Magnesium. 

Any other precipitate is to be disregarded. 
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This leaves Cadmium and Bismuth undiscriminated. 

Fill up your Assay Note, and proceed to the next test. 

Experirmnt 5. — Take a few drops of the solution in a test glass, and 
add to it a drop or two of nitric acid. Dip into the mixture the end of 
a small glass tube, 6, fig. 54, so as to take up a small film of the liquor. 



Expose this to the action of Sulphuretted Hydrogen Gas as follows : — 


Mix together one part of a Sulphide of Calcium, and three parts of 
Bisulphate of Potash, and insert the mixture into a small glass tube, in 
the manner shown by fig. 54 a. The figure shows the size of the tube 
and also the quantity of salts necessary to be used. Put the tube b 
into its place, warm the mixture at a, by holding the tube over a flame, 
or by putting it for a moment into your mouth. Then blow gently into 
the tubes at the end c. 

Sulphuretted hydrogen gas will be disengaged from the mixed salts 
in the tube a, will act upon the solution at the end of 6, and throw a 
coloured precipitate on the sides of that tube. 

Under the given circumstances the colour must be either yellow or 
black. 

Yellow indicates Cadmium. 

Black indicates Bismuth. 

Experiment 6. — The White precipitates which were produced by 
caustic potash, and re-dissolved by an excess of that test, indicate six 
metals, namely : — 

No. 12. Zinc. No. 15. Lead. 

V 13. Tin, its protosalts. 16. Tin, its persalts. 

14. Aluminum. 17. Antimony. 

To distinguish betwixt these metals, take a fresh portion of the 
unknown solution, and add to it a few drops of the solution of Red 
Prussiate of Potash, 

A Yellow-red precipitate indicates Zinc. 

A White precipitate indicates Tin, protosalts. 

Any other precipitate gives no useful indication. 

Experiment 7. — Take four drops of the unknown solution, mix with it 
one drop of nitric acid, and expose a little of the mixture to an atmo- 
sphere of Sulphuretted Hydrogen Gas^ in the manner related in Experi- 
ment 5. If a precipitate is produced, observe its colour. 

No precipitate indicates Aluminum. 

A Black precipitate indicat^ Lead. 

A Yellow precipitate indicates Persalts of Tin. 

An Orange precipitate indicates Antimony. 
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Experimjent 8. — The Black precipitate produced by potash indicates 
No. 1 8. Mercury, its protosalts. 

Sometimes, however, potash produces a slight black precipitate with 
Gold. These black precipitates can be discriminated thus : — 

To a fresh portion of the unknown solution, add a few drops of 
Red Prussiate of Potash. 

A Eed-brown precipitate indicates Mercury. 

JSfo precipitate indicates Gold, 

Experiment 9. — The Blue precipitates produced by potash indicate 
No. 19. Cobalt, and 
20. Copper. 

These two metals are discriminated ^ as follows : — 

Pour both the solution and the precipitate into a small flask, or a 
test tube,® and boil the mixture over the spirit lamp till the precipitate 
changes colour. 

If it turns Red, the metal is Cobalt. 

If it turns Black, it is Copper. 

Eocperiment 10. — The Green precipitates produced by potash indi- 
cate three metals, namely ; — 

No. 21. Nickel. 

22. Chromium, and 

23. Iron, mixtures of persalts with protosalts. 



^ Most solutions • of 
cobalt have a red colour. 
Those of copper are blue 
or green. 

* The annexed figure 
represents a tube-holder, 
an instrument by which 
a tube or small flask can 
be readily supported over 
a spirit-lamp flame, when 
a solution is to be boiled. 
The arm that holds the 
tube moves round in the 
socket that Ls affixed to 
the upright rod, so that 
the tube can be held in 
any desired position. 

Another holder for 
tubes and flasks is shown 
on page 77. 
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You discriminate these three metals as follows: — 

To a fresh portion of the unknown solution, add a few drops of a 
solution of Red Frussiate of Potash, 

A Yellow-green precipitate indicates Nickel. 

No precipitate indicates Chromium, 

A Light-blue precipitate indicates Iron. 

Experiment ii. — The Yellcm precipitates produced by potash indi- 
cates two metals, namely : — 

No. 24. Mercury, persalts. 

25. Gold. 

These are discriminated thus ; — 

To a fresh portion of the solution, add a few drops of a solution of 
Red Frussiate of Potash, 

A Yellow-red precipitate indicates Mercury. 

No precipitate indicates Gold. 

No precipitate however also indicates the Perchloride of 

Mercury. 

The discrimination of Perchloride of Mercury from Gold, I shall show 
you how to effect, when I come to speak of the confirming tests. 

Experiment 12. — The Brown precipitates produced by potash indi- 
cate two metals. 

No, 26. Iron, persalts, 

27. Silver. 

These you discriminate as follows : — 

To a fresh portion of the solution, add a few drops of a solution of 
Bed Frussiate of Potash, 

No precipitate indicates Persalts of Iron. 

A Brown precipitate indicates Silver. 

Thus far we have considered the reactions of the Precipitants which 
indicate the rmtals or bases of the salts we are examining. I proceed 
next to specify the reactions of the Precipitants which indicate their 
ACIDS. 




O 
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B.— TESTING FOR ACIDS. 

The number of Indicating Predpitants for Acids is four. Their 
names are — 

1. Nitrate of Barytes. I 3. Nitrate of Lead, 

2 . Nitrate of Silver. | 4. Chloride of Calcium. 

These you have already in solution, and you are to apply them in small 
quantities of 4 or 5 drops at a time, to similar small quantities of the 
unknown solution contained in separate test glasses, in the same manner 
as you applied the indicating precipitants for the metals. 

Tlie results of tlie testing you will carefully niark down upon the 
Assay Note as you proceed. 

Experiment 13. — First of all, you take in a test glass a few drops of 
the unknown solution, and add to it a few drops of the solution of 
nitrate of Barytes, 

You will observe one of three results, to wit — 

No Precipitate. 

A White Precipitate. 

A Yellow Precipitate. 

Experiment 14. — The salts which give no precipitate with Nitrate of 
Barytes, are of six kinds, namely : — 

No. I. Nitrates. No. 4. Iodides. 

2. Chlorates. 5. Arsenites. 

3. Chlorides. 6. Sulphides. 

To discriminate these from one another, you take a fresh portion of the 
solution, and test it with the solution of Nitrate of Silver, 

No precipitate indicates Nitrates and Chlorates. 

A White precipitate indicates Chlorides. 

A Black precipitate indicates Sulphides. 

Any other precipitate is to be disregarded. 

The Indicating Tests can give you no farther information conducive to 
the discrimination of Nitrates from Chlorates. I shall hereafter show 
you how to effect this discrimination by means of confirming tests. 

Experiment 1 5 . — The Iodides and Arsenites are to be discriminated 
thus You test a fresh portion of the solution with a few drops of a 
solution of Nitrate of Lead^ and notice the colour of the precipitate : — 

Yellow indicates Iodides. 

White indicates Arsenites. 

Experiment 16. — The salts which give a white precipitate with 
Nitrate of Barytes, are of seven kinds, namely 

No. 7. Fluorides. No, ii. Oxalates. 

8. Phosphates. 12. Carbonates. 

9. Arseniates. 13. Sulphates. 

10. Borates. 
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To proceed in the discrimination of these seven classes ot salts from 
one another, you are to mix the solution which contains the white 
precipitate with a few drops, or not more than its own bulk, of Nitric 
Acid, and to stir up the mixture with a glass rod. This process 
separates the white precipitates into three classes, to wit : — 

Those which dissolve in nitric acid without effervescence. 

Those which dissolve in nitric acid with eflervescence. 

Those which do not dissolve in nitric acid. 

Experiment 17.'— The white precipitates which are produced by 
Nitrate of Barytes, and which dissolve in nitric acid without effervescence, 
and are accordingly denoted in ycur Assay Note — by P white S — 
indicate five salts, namely : — 

Fluorides. Borates. 

Phosphates. Oxalates. 

Arsen iates. 

To distinguish these from one another you are to test a fresh portion 
of the solution with Nitrate of Silver. 

No precipitate indicates Fluorides. 

A Yellow precipitate indicates Phosphates. 

A Brown precipitate indicates Arseniates. 

Any other precipitate is to be disregarded. 

Experiment 18. — Take in an ounce conical test glass two drops 
of the unknown solution, and add one drop of the solution of Chloride 
of Calcium. You will see a white precipitate, let whatever will be 
present. Now by means of the water bottle, page 31, slowly add 
distilled water to the mixture under continual stirring, till the precipitate 
dissolves, or till the test glass becomes nearly full. 

If the precipitate is soluble, the salt is a Borate. 

If it is insoluble, the salt is an Oxalate. 

The white precipitates which are produced by Nitrate of Barytes, and 
which dissolve in nitric acid with effervescence, and are accordingly 
denoted in your Assay Note — ^by P white S eff. — indicate Carbonates. 

The white precipitates which are produced by Nitrate of Barytes, and 
which do not dissolve in nitric acid, indicate Sulphates. 

The yellow precipitates which are produced by Niti'ate of Barytes 
indicate 

No. 14. Chromates. 

Such are the reactions of the indicating tests for acids. 

I shall now present you with a synoptical view of these Indicating 
Tests, arranged in two separate Tables, one of them showing the 
precipitants for Metals, the other tSe precipitants for Acids, 
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Solutions to be Neutral. 


Solutions 
to be Add. 


Red Prussiate of 
Potash. 


METALS 

Indicated. 


None 

None 

None 



None 

None 

None 



I Potassium, 

! 2 Sodium. 

3 Ammonium. 


4 Barium. 

5 Strontium. 

6 Calcium. 



Brown 

All 5 are Blue 
insoluble None 
in excess. 


All 6 are 
soluble 
in excess. 


Blacky 

See €k)ld, No. 25. 


Blue, 

IfboUed,Red. 

Blue, 

If boiled. Black. 




Yellow-green 

None 

Light Blue 


Yellow-red 
but none from 
the Perchloride. 
None 


sometimes slight 
and black. 



Yellow 

Black 

7 Manganese. 

8 Iron, protosalts. 

9 Magnesium. 

10 Cadmium. 

11 Bismuth. 

None 

Black 

Yellow 

Orange 

12 Zinc. 

13 Tin, protosalts. 

14 Aluminum. 

15 Lead. 

16 Tin, persalts. 

17 Antimony. 


18 Mercury, its 
protosalts. 


19 Cobalt. 


20 Copper. 


21 Nickel. 

22 Chromium. 

23 Iron, persalts & 
protos^ts mixed. 


24 Mercury, its 
persalts. 


25 Gold. 


26 Iron, persalts. 

27 Silver, 
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INDICATING PRECIPITANTS I 

^OR ACIDS 

IN SALTS. 

Nitrate of Barytes. 

Nitrate 

of 

Silver. 

Nitrate 

of 

Lead. 

Chloride 

of 

Calcium. 

SALTS 

Indicated. 

None 

None 

None 

None 

None 

None 

None 

None 

White 

Black 

Yellow 

White 


1 Nitrates. 

2 Chlorates. 

3 Chlorides. 

4 Iodides. 

5 Arsenites. 

6 Sulphides. 

White 

White 

Wiiite 

White 

White 

All 5 soluble 
in Nitric Acid, 
without 
Effervescence. 

None 

Yellow 

Brown 


White, 

Sol. in water. 

White, 

Insol, in water. 

7 Fluorides. 

8 Phosphates. 

9 Arseniates. 

10 Borates. 

11 Oxalates, 

White 

SolubleinAcids 
with Effervesc. 

j 


i 

12 Carbonates. 

White 

Insol. in Acids. 




13 Sulphates. 

Yellow 


j 



1 4 Chromates. 


Before proceeding farther, I request you to compare these Tables 
with your Assay Notes, and to i*aw conclusions, from the results of 
your experiments, in regard to the nature of the substance which you 
have had to examine. 

First, as to the Metals — suppose your Assay Note to read thus : — 


Carbonate of Soda .... 

P. 

Ammonia 

P. 

Potash 

P, Brown. 

Red Pmssiate of Potash . . 

i 

P. Brown. 

[f 

Sulphuretted Hydrogen . . 



Q 
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The interpretation must be as follows : — 

Carbmate of Soda = P., shows that the metal is not one of the 
three first of those on the list of components given at page 65. 

Ammonia = P., shows that the metal is not one of those from No. 4 
to No. 6 in that list. 

Potash = P. hrown^ shows that the metal is either Iron, No. 26, or 
Silver, No. 27. See Exp. 12, p. 77. 

Red Frussiate of Potash = P. brown, shows finally that the metal is 
Silver • 


Next, as to the AcIds — let your Assay Note read thus: — 


Nitrate of Barytes .... 

P. white, sol. 

Nitrate of Silver .... 

0. 

Nitrate of Lead 


Chloride of Calcium . . . 



Nitrate of Barytes = P. white, sol., — shows the salt to be one of 
those from No. 7 to No. 11, in the list of salts given at page 65. 

Nitrate of Silver = O, shows it tx) be a Fluoride ^ 


' To Teachers. — At this point the teacher may either collect the 
Assay Notes, and revise what has been done, or he may go 011 with 
the Confirming Tests, and leave the Assay Notes with the pupils, 
until the testing is entirely finished. 

The manner of teaching the methods of applying the Confirming 
Tests must be regulated by the number of persons to be taught, and the 
quantity of time and apparatus at command. All the students may go 
through the whole series of experiments, or each of them may be 
instructed to perform only those particular experiments which relate to 
the Metal and Acid indicated by his Assay Note. 

But, indeed, a student can scarcely have a better set of elementary 
experiments, than that which consists in trying the action of Tests with 
all the salts at his command, so as to make himself acquainted with the 
colours, consistence, changeableness, &c., of the various precipitates 
which characterise different kinds of salts. 







CONFIRMING TESTS. 


When you have applied the set of Indicating Tests, and imagine that 
you have detected both the base and the acid of your salt, it is proj:)er 
to make use of the Confirming Tests, in order to convince yourself that 
tliere is no mistake. 

These tests also are unavoidably necessary whenever you have to do 
with a nitrate, a chlorate, an alcali, or an alcaline earth — all of which 
compounds are left undiscriminiited by the Indicating Tests which we 
have em})loyed. 

To guard against the possibility of error, the rule is good, to test the 
unknown substance, or its solution in water, with as many different pre- 
cipitants, or by as many difierent experiments as you can conveniently 
ein])loy — paying especial attention to the action of such tests as serve 
to distinguish the particular elements of your compound from such other 
elements as most nearly resemble them. 

The set of Confirming Tests that I am about to give you, applies only 
to simple soluble salts, not to mixtures of salts, nor to impure salts, nor 
to salts that are insoluble in water, or that contain other metals or 
acids than those that were enumerated at the beginning of these Instruc- 
tions (page 65). 

Finally, these Confirming Tests presuppose the use of the Indicating 
Tests. They are consequently Confirming only when taken in conjunc- 
tion with the reactions of the Indicating Tests. The reason of this is, 
that all the characteristics necessary to fix the identity of the different 
acids and bases are, for the sake of brevity, not brought into this 
section ; but only so many as are necessary to accomplish the parti- 
cular end in view, namely, that of discriminating the substances con- 
tained in the limiting Table given at the beginning of these Instruc- 
tions. (See page 65). 

Consequently, you are always to begin an analysis with the Indicat- 
ing Tests, and conclude it with the Confirming Tests. 


APPARATUS FOR CONFIRMING TESTS, 

The apparatus here cited is required for perfomiing the Confirming 
Tests of this section. It is not necessary in teaching a Class, to supplj 
each student with a complete set of this apparatus, because the same sub- 
stances need not be given to all tht students at the same^time. Each 
set of apparatus for the Confirming Tests may suffice for four or six 
pupils. « 
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Porcelain cup i inch diameter. 

Round Retort Stand, with i ring 
and I triangle. 

Blowpipe. 

Blowpipe Lamp on support. 

2 Platinum Blowpipe wires. 

2 Slips of Platinum foil for the 
Blowpipe. 

Platinum pointed tongs, fig. 6o. 

Thin Copper wire for Blowpipe 
Experiments. 

Box of Oxidating Pastiles. 

Box of Reducing Pastiles. 

3 Wires for holding Blowpipe 
Pastiles. 

Hammer. 

Steel Anvil. 

3 Tubes for sublimations, hard 
glass, 2 inches by inch. 

Box of Books of Test papers. 

Support to show sublimates 
before the blowpipe. 

Blowpipe Fluxes in boxes : — 

Borax. 

Carbonate of Soda. 

Microcosmic Salt. 

Bottle for solution of Cobalt, 
with pipette or long stopper. 


Bottles for Reagents in solution, 
2 oz. size, with stoppers, con- 
taining : — 

Yellow Chromate of Potash. 

Red Chromate of Potash. 

Yellow Prussiate of Potash. 

Sulphate of Lime. 

Antimoniate of Potash. 

Molybdate of Ammonia. 

Sulphuric Acid, concentrated. 

Muriatic Acid, 

Bottles with wide mouths, to 
contain the following dry 
Tests, I ounce size : — 

Protosulphate of Iron, cryst. 

Peroxide of Manganese. 

Protochloride of Tin, cryst. 

Sulphate of Copper, cryst. 

Acetate of Lead, cryst. 

Sulphate of Magnesia, cryst. 

Chloride of Sodium, cryst. 

The following Tests are only 
required occasionally. It will 
be sufficient if i bottle of each 
is in the Laboratory. 

Chloride of Platinum. 

Chloride of Gold. 


A.—CONFIRMING TESTS FOR METALS. 


Potassium, Sodium, Ammonium. — See Experiments, i, page 71. 

I . Take a porcelain cup of this size. Mix in it 
a test spoonful of the dry salt, with a test spoonful 
of carbonate of soda, and a few drops of water. 
Support it over a spirit lamp and apply heat. 
If the odour of Ammonia is produced, the salt 
56. contains Amimnium, 

2 . Take a bit of the salt as lar^ as a pin’s head, fix it on the end 
of a platinunv blowpipe wire, of 
this size, and hold it in a small C- 
blue flame produced by a re- si- 
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duced gas or spirit lamp flame, or else hold it before the blowpipe 
oxidating flame in this manner : — 




58. 


If a strong ydlow flame is formed round the assay, c, d, the salt con- 
tains Sodium, If a violet colour, or no colour is given to the flame, the 
salt contains Potassium, 

You will observe that I suppose, throughout, that the salts under 
analysis are in a state of purity. The tests which I direct to be applied 
are not qualified to act upon mixtures of salts in the same manner as 
upon simple salts. Thus, for example, if a salt of Potassium is mixed 
with a salt of Sodium^ the mixture submitted to the last experiment, 
gives only the character of Sodium, even if the mixture contains three 
hundred parts of Potassium to one part of Sodium. The jDerson, there- 
fore, who provides you with the salts that are to he analysed, and with 
the tests that are to he applied to them, must guard against any source of 
error of that description. 

But since the presence of Sodium in salts of potassium is very com- 
mon and very difficult to avoid, it is proper to apply the following direct 
tests for Potassium, in every analysis you make of an alcaline salt, whether 
it gives the yellow flame of soda or not. 

3. Add to a concentrated solution of the salt, a drop of a 
solution of CiiLOEiDE of Platinum in spirit of wine. 

A yellow precipitate indicates Potassium, 

No precipitate indicates Sodium, 

4, Add to a concentrated solution of the salt, which must 
not have any free acid, a few drops of a concentrated solution of 59* 
Antimoniate of Potash. 

No precipitate indicates Potassium, 

A white crystalline precipitate slowly formed indicates Sodium, 



Baeium, Steontium, Calcium. — See Experiment 2, page 72, 
where the salts of Barytes, Strontian, and Lime, are distinguished from 
those of Potash, Soda, and Ammonia, by means of a solution of carbonate 
of soda. They may also be distinguished from the same salts by 
Diluted Sulphueic Acid, which gives a white precipitate with these 
Earths, but not with the Alcalies. 

These three metals are most readily discriminated from one another 
by tie conjoint action of solutions^ of Yellow Cheomate of Potash 
and Bicheomate of Potash. 
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5, To a few drops of the concentrated solution of the unknown salt, 
add a few drops of a solution of Bichromate of Potash. 

If you get a precipitate^ the metal is Barium, 

If you get no precipitate, test another portion of the concentrated 
solution of the unknown salt with a few drops of a solution of Yellow 
Chromate of Potash. 

If you get a precipUate^ the metal is Strontium, 

If you get no precipitate, the metal is Calcium. 

Action of the two Chromates of Potash, with concentrated solutions of 
the Alcaline Earths. 


Metals under 
Examination. 

Bichromate 
of Potash, 

Yellow 
Chromate 
of Potash. 

Barium. 

Strontium. 

Calcium. 

Precip. 

0 

0 

Precip. 

Precip. 

0 


These reactions do not, however, take place with distinctness in dilute 
solutions of these metals. 

6. Take a bit of the solid salt in the platinum blowpipe tongs, moisten 
it with water, and dip it into the upper part of the blowpipe flame, in 



this manner, fig. 61, where c represents the points of the tongs, and b the 
point of the blowpipe : — 



If it gives a pale green colour to the upper part of the flame, as at'd!, 
it is Barium. % 

If it gives a red colour to the flame, it is Strontium or Calcium, 
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The last two metals are distinguished as follows : — 

7. To a solution of the salt, add a solution of Sulphate of Lime, 
prepared by boiling precipitated Sulphate of Lime in water. 

If it gives a precipitate, the metal is Strontium, 

If not, the metal is Calcium, 


Manganese. — See Experiment 4, page 74. 

8, Take a platinum blowpipe foil, mix on it a bit of the dry salt with 
a test spoonful of dry Carbonate of Soda, and fuse the mixture before 
the blowpipe. The melted mass acquires a green colour. 

9. Make a bead of Borax on tiie platinum wire before the blowpipe, 
and melt in it a little of the dry salt. Use the outer blowpipe dame. 
See Experiment 3 1 , page 90. The bead acquires an amethyst colour. 


Iron. — See Experiments 4, lO, and 12, pages 74, 76, and 77. 

10. Add a few drops of a solution of Yellow Prussiate of Potash 
to a solution that contains a salt of iron, 

A white precipitate indicates a Protosalt of Iron, 

A dark-blue precipitate indicates a Persalt of Iron. 

A pcde-hlue precipitate indicates a mixture of the two species. 

11. Expose a solution of a Protosalt of Iron to an atmosphere of 
Sulphuretted Hydrogen Gas, See Experiment 5, page 75. It gives 
no precipitate, 

12 . Add to the solution of the Protosalt of Iron as much Ammonia 
as gives it a strong smell of Ammonia, and again expose it to the 
atmosphere of Sulphuretted Hydrogen Gas. A black precipitate is 
produced. 

13. Treat in the same manner a solution of a Persalt of Iron. With- 
out Ammonia^ it gives a white precipitate ; and with Ammonia, a black 
precipitate. 

Magnesium. — See Experiment 4, page 74. 

Aluminum. — See Experiment 7, page 75. 

Zinc. — See Experiment 6, page 75. 

1 4. Mix a test spoonful of the salt with a little water, spread it on 
charcoal in a flat cake of this size, and ignite it before the blowpipe. 
Then moisten the ignited salt with a drop of a strong solution of/^ 
nitrate of cobalt, and again heat it before the blowpipe to redness. 

When it is cold, examine the change of colour produced ; — 62. 

A salt which acquires a flesh-red colour from this treatment contains 
Magnesium, 

If its colour is hlue^ the salt contains Aluminum, 

If it is green, the salt contains Einc, 

These colours are best examined by daylight. 
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Cadmium. — See Experiment 5, page 75. 

1 5. Mix half a test spoonful of the salt with as much dry Carbonate 
OF Soda, and heat it on charcoal in the inner (reducing) flame of the 
blowpipe. 

A brown powder will appear round the assay, upon 
the charcoal. 

[The figure shows the method of exposing a sub- 
stance on charcoal to the flame of the blowpipe; a is the 
blowpipe lamp, h the blowpipe, c the assay upon a 
round disc of charcoal held by a bent slip of tin-plate.] 
Bismuth. — See Experiment 5, page 75. 

16. Treat the salt in the same way as the salt of 
Cadmium, in Experiment 15. 

A yellow powder is perceived on the charcoal, with a metallic bead in 
the centre of it. 

Wrap the bead of metal in paper and give it a stroke with a hammer. 
You will find it to be brittle. See Experiment 19, below. 

Zinc. — See Experiment 6, page 75. 

17. I spoke of this metal in connection with Magnesium, Exper, 14. 

With Sulphuretted Hydrogen, zinc gives a White precipitate. 

Tin. — See Experiments 6 and 7, page 75. 

18. Mix a solution of a Protosalt of Tin with a few drops of a solu- 
tion of Chloride of Gold. A purple precipitate appears. 

19. Mix a small bit, not larger than a pin’s head, of a dry salt of 
tin, either containing the protoxide or the peroxide^ with a test spoonful 
of dry Carbonate of Soda, and half that quantity of Borax. Place 
the mixture on charcoal, and heat it strongly and for some time in the 
inner blowpipe flame, till the metal of the salt is reduced. See Ex- 
pjeriment 31, page 90. 

You will obtain a bright white metallic bead, which flattens when 
struck with the hammer. The malleability of beads of this metal, 
distinguishes them from beads of Bismuth produced in similar experi- 
ments. (Exp. 1 6.) Their brilliancy distinguishes them from Lead, 

Aluminum. — See Experiment 7, page 75. 

20. I spoke of this metal in connection with Magnesium. See 
Experiment 14. 

Add to the solution of the salt of alumina a small quantity of 
solution of Caustic Potash, or Carbonate of Potash, and then 
Sulphuric Acid in slight excess, so that the mixture will redden blue 
litmus paper. After some delay, crystdk of alum will be produced in the 
mixture. 

Lead.— See Experiment 7, page 7^^. 

2 1 . Mix half a test spoonful of the dry salt with a test spoonful of 
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dry Carbonate of Soda, place the mixture on charcoal and heat it in 
the inner blowpipe flame, till the metal is reduced. 

You will obtain beads of Metallic Lead, and the charcoal acquires 
a coating of yellow powder, 

Tliese beads difler from those of Tin by being convertible into a 
volatile oxide, and from those of Bismuth by being malleable and not 
brittle. 

22. Mix a drop of a solution of lead with a test glass full of water, 
and add a few drops of Sulphuric Acid. 

You will obtain a white precipitate. 

Antimony. — See Experiment 7, page 75. 

23. Mix half a test spoonful of the dry salt with a test spoonful of 
dry Carbonate of Soda, and ignite the mixture on charcoal in the 
inner blowpipe flame till the metal is reduced. 

You will obtain globules of metal fi'om which a thick white smoke 
will rise. 

If a melted bead of antimony is thrown on the ground, it divides into 
several globules which produce a thick white smoke (oxide of anti- 
mony). 

Mercury. — See Experiment 8, page 76, 

24. Mix half a test spoonful of the dry salt with a test spoonful of 
dry Carbonate of Soda. Put the mixture into a little glass tube, and 
heat it over the spirit lamp. 

ff— 

64. 

You will soon see metallic mercury condensed upon the upper part of 
the tube. 

25. Mix a solution of a salt of Mercury with a few drops of 
Ammonia. 

A black precipitate indicates a Protosalt of Mercury, 

A white precipitate indicates a Persalt of Mercury 

Cobalt. — See Experiment 9, page 76. 

26. Make a glass bead with borax on a platinum wire before the 
blowpipe. To this add a bit of the salt of cobalt, much smaller than 
a pin’s head, and melt it into the bead. 

The glass acquires a dark-blue colour, both in the outer and inner 
flame. 

27. Mix a few drops of a solujfon of cobalt with a solution of Red 
Prussiate of Potash. 

You get a brownish-re I piecipitate. 
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Copper. — See Experiment 9, page 76. 

28. Mix a few drops of a solution of copper with a solution of Red 
Prussiate of Potash. 

The precipitate is yellowish-green. 

29. Mix the solution of copper with a very small quantity of Ammonia. 

You get a precipitate, which dissolves in a larger quantity of 

ammonia, and produces a splendid blue solution. 

30. Mix the solution of Copper with a solution of Yellow Prus- 
siATE OF Potash. 

The precipitate is reddish-brown. 

31. Melt a small quantity of the dry salt in a borax bead before the 
blowpipe. 

In the outer flame, it gives a transparent-green glass.* 

In the inner flame, it gives an opaque-brown glass.* 

Nickel. — See Experiment 10, page 76, 

32. Mix the solution of Nickel with a very small quantity of 
Ammonia. 

You get a greenish precipitate, which dissolves in a larger quantity of 
Ammonia, and gives a violet coloured solution. 

33. Mix the solution of Nickel with a solution of Yellow Prussiate 
OF Potash. 

The precij^itate is pale green. 

* The following figure shows the method of exposing a substance to 
the outer or oxidating flame of the blowpipe. 



65. 

* The following figure exhibits a bead exposed to the inner or redw> 
ing blowpipe flame. 



66 . 
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Chromium. — See Experiment lo, page 76. 

34. Melt a little of the dry salt of oxide of Chromium in a borax 
bead i)efore the blowpipe. 

It gives a transparent-green glass, both in the inner flame and outer 
flame. 

35. Mix the solution of oxide of Chromium with a few drops ^ of 
Ammonia. 

The colour of the precipitate is grey, by candle-light violet, 

36. Mix the solution of oxide of Chromium with Yellow Prussiate 
OF Potash. 

There is no precipitate. 

Gold. — See Experiments 8 and ii, pages 76, 77. 

37. Mix the solution of Gold with a solution of Protosulphate of 
Iron. 

A darJi-hrawn precipitate of metallic gold is produced. 

38. Mix the solution of Gold with a solution of Yellow Prussia'IE 
OF Potash. 

The solution acquires an emerald-green colour, 

39. Mix the solution of Gold with a solution of Protochloride OF 
Tin. 

A purple precipitate is produced. 

Silver. — See Experiment ij2, page 77, 

40. Mix a diluted solution of Silver, with a few drops of Muriatic 
Acid, or of a solution of any Chloride. 

You will get a white precipitate. 

If you add Ammonia to the mixture the precipitate dissolves. 

If you add Nitric Acid to the mixture the precipitate remains 
undissolved. 

41 . Mix the dry salt of Silver with dry Carbonate of Soda, and 
ignite the mixture on charcoal before the blowpipe. 

Bright metallic silver appears on the charcoal. 


B.— CONFIRMING TESTS FOR ACIDS. 


Nitrates. — See Exj)enment 14, page 78. 

42. Take*a porcelain cup, and a test spoonful of the Nitrate, 
pare a solution. Add a few drops of sulphuric 
acid. Place a crystal of green sulphate of U 
iron in the middle of the solution. Support 
the cup over the spirit lamp, and apply heat. 

You will see a dark-brown colour produced 
near the crystals. Shake th? cup. The 
brown colour spreads through the whole liquor. 


Pie- 
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43. Mix the dry Nitrate with dry Bisulphate of Potash, a test spoon- 
ful of each. Put tlie mixture into a large test tube, and heat it over 
the spirit lamp. 

You will observe the tube to be filled with darkly allow gas. This 
experiment serves to distinguish Nitrates from Chlomtes. 

44. Put the dry Nitrate into a large test tube. Add Muriatic Acid. 
Apply heat. 

\VTiite vapours of Nitric Acid are expelled. They redden litmus 
paper. 

Chlorates. — See Experiment 14, page 78. 

45. Put a very small quantity of the dry Chlorate into a large 
test tube. Add Muriatic Acid. Apply heat. 

A yellowish-green gas is expelled, having a very pungent odour. 

46. Take a small test tube. Put into it a test spoonful of the dry 
Chlorate. Apply heat. The salt melts and oxygen gas soon after 
issues from the tube. Inflame a bit of wood. Blow out the light, and 
hold the glimmering match to the mouth of the tube. The oxygen gas 
re-illumes the match. This experiment does not distinguish Chlorates 
from Nitrates. 

47. Take a bit of thin copper wire. Make a coil at the end of it, and 
melt into the coil a crystal of microcosmic salt. Hold the coil over a small 

flame till the salt ceases to effervesce, 
and the wire becomes red hot. Now 
press the hot bead upon a bit of the dry 
Chlorate, not larger than a pin’s head. Reduce the flame of your lamp 
as low as you can without extinguishing it — so low as to leave only a 
small blue flame. Hold the coil with the Chlorate upon it, so that it 
shall just touch the top of the reduced flame. Thereupon a hright blue 
fiam surrounds the subject of experiment. This experiment com- 
pletely distinguishes Chlorates from Nitrates. 

All substances that contain Chlorine give this Uue fiame^ and all 
substances that contain Iodine, treated in the same way, give a splendid 
green flame. 

Chlorides. — See Experiment 14, page 78. 

I have spoken already. Experiment 40, of the detection of Silver by 
solutions of Chlorides. The operation of detecting ‘Chlorides by 
solutions of Silver is the same. 

The method of detecting Chlorine by means of microcosmic salt and 
a copper wire, explained already, in treating of Chlorates, Experiment 
47, is equally applicable to Chlorides. 

48. Mix the dry salt with concentigted Sulphuric Acid in a large test 
tube, and apply heat. 

Write vapours of Muriatic Acid are formed. Hold a glass rod 
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moistened with Ammonia at the mouth of the tube. A thick white 
smoke is produced. 

49. Take a test tube. Mix in it a test spoonful of the dry salt with 
a few di'ops of concentrated Sulphuric Acid and a test spoonful of 
Peroxide of Manganese, Apply heat. 

In this case Chlorine gas is disengaged. It has a green colour and 
suflbcating odour. 

Iodides. — See Experiment 15, page 78. 

50. Take a large test tube. ,Put into it a test spoonful of the dry 
salt mixed with an equal quantity of dry Bisltlphate of Potash. 
Apply Heat. 

You will see Violet Vapours of Iodine in the tube. 

The method of detecting Iodine by means of a copper wire, I have 
explained in speaking of the Chlobates, Exp. 47. 

5 1 . Mix a few drops of the Solution of the Iodide with a few drops 
of Nitric Acid, and add a small quantity of Starch Paste prepared 
with hot water, or else use a test paper impregnated with starch. ^ 

A blue colour is produced. The paper turns blue. 

52. Pour the Solution of the Iodide in which the Indicating Test, 
Nitrate of Lead, Experiment 15, page 78, has formed a yellow 
precipitate, into a test tube, and boil it with the precipitate. 

When the solution cools, brilliant flat golden-yellow crystals appear 
in it. 

Arsenites. — See Experiment 15, page 78. 

53. Mix the solution of the Arsenite with a solution of Sulphate 
OF Copper. 

A Green Precipitate is produced. 

54. Mix the solution of the Arsenite with a solution of Nitrate of 
Silver, and a very small quantity of Ammonia. 

A yellow precipitate is produced. 

5 5 . Mix the solution of the Arsenite with a drop or two of Muriatic 
acid, and expose the mixture to an atmosphere of Sulphuretted 
Hydrogen G-as (See Experiment 5, page 75). 

A yellow precipitate is produced. 

56. Mix half a test spoonful of the dry salt with a test spoonful of 
dry Carbonate of Soda. Heat the mixture on Charcoal in the inner 
blowpipe flame. After a short ignition, hold the charcoal under your 
nose. You will perceive the odour of garlic^ by which metallic arsenic 
is specially characterised. Be cautious in smelling the vapour of 
ai’senic, as it is poisonous. 

Sulphides. — See Experiment ^4, page 78. 

57. Take a test tube. Mix in it a test spoonful of the dry Sulphide 
with a little Mmiatio Add Apply Heat. 
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Effervexence is produced, and the odour of Sulphuretted Hydrogen 
Gas is perceived. A bit of white paper moistened with a solution of 
Lead, and held at the mouth of the tube, turns black, 

58. Heat a test spoonful of the dry Sulphide on charcoal before the 
blowpipe. 

The odour of Sulphurous Acid Gas will be perceived. 

Fluorides. — See Experiment 17, page 79. 

59. Take a small test tube. Mix in it the Fluoride with dry 
Bisulphate of Potash, a test spoonful of each. Put a slip of 
moistened Bmzil wood test paper into the upper end of the tube. 
Apply Heat, 

Hydrofluoric acid will be disengaged by the mixture, and will corrode 
the inside of the tube, and change the red colour of the Brazil test 
jiaper to yellow. 

Wash and dry the tube to render the corrosion visible. 

Phosphates. — See Experiment 17, page 79, 

60. Precipitate a few drops of the solution of the Phosphate with a 
solution of Acetatp: of Lead, Collect the white precipitate upon a 
filter. Wash it. Dry it. Place it upon Charcoal and melt it in the 
outer flame of the blowpipe. 

When the bead cools, it will be of a dark colour, opaque, and 
Crystallised into numerous fomts. By this character the Phosphates are 
distinguished from the Arseniates. See Experiment 63, page 95. 

61. Mix a solution of the Phosphate with a solution of Sulphate 
of Magnesia, and add Ammonia. 

You will get a white precipitate, 

62. Add to a solution of Molybdate of Ammonia as much Nitric 
Acid as will redissolve the precipitate which it first produces. Then 
add an extremely small quantity of the solution of the Phosphate, and 
boil the mixture. The operation should be performed in a test tube. 

You will obtain a yellow precipitate. 

This is the most delicate and certain test for phosphoric acid. No 
other acid, not even Arsenic acid, which resembles phosphoric acid in 
so many other particulars, can produce this yellow precipitate in an 
acidified solution of Molybdate of Ammonia. 

Arseniates. — See Experiment 17, page 79. 

In sjDeaking of the Arsenites^ I have shown in what manner the 
Arsenic which they contain can be detected before the blowpipe (see 
Experiment 56, page 93). The same experiment answers also with 
the Arseniates. 

The differences between the Arsenlles and Arseniates is l)est shown 
by the Indicating Tests, Nitrate of Barytes, Experiment 14, pa;;e 
78, and Nitrate of Silver, Experiment 17, page 79. t 
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The difference between the Arseniates and Phosphates, which agree 
in many respects, is shown by the Indicating Test, Nitrate of Silver, 
Experiment 17, page 79, and by the experiment just described, with 
Molybdate of Ammonia, No. 61. 

It is also exhibited in an experiment which I shall now give you. 

63 . Precipitate a solution of the Arseniate by a solution of Acetate 
OF Lead. Collect the white precipitate on a filter. Wash it. Dry it. 
Ignite it on charcoal, in the outer flame of the blowpipe. 

When the bead cools, it will not be found crystallised into facets, as 
is the case with the precipitated,p/iosj)Aa^e of Lead. 

64. Again, heat the fused bead of Arseniate of Lead in the inner 
flame of the blowpipe. 

You will perceive a thick smoke which you will find to possess the 
odour of Arsenic, and you will get beads of metallic lead. These 
eflects are not produced by phosphate of lead. 

Borates. — See Experiment 18, page 79. 

65. Take a large test tube. Mix in it a concentrated solution of tlie 
Borate, with some Sulphuric Acid. Boil the mixture, and let it cool. 

You Avill perceive flat shining crystals of Boracic Acid. 

66. Pour off the liquid. Wash the crystals from sulphuric acid with 
a little cold water. Repeat the washing several times. Then boil the 
crystals with water in a test tube. Test the solution with Litmus paper 
and Turmeric paper. 

The blue litmus is turned Red. 

The yellow turmeric is turned Brovm. 

67. Take a porcelain cup. Mix the solution of the Boracic Acid, or 
else a test spoonful of the solid Borate moistened with sulphuric acid, 
with a few drops of alcohol. Inflame the mixture. 

You will see a green flame. 

Oxalates. — See Experiment 1 8, page 79. 

68. Take a large test tube. Put into it three test spoonfuls of the 
dry oxalate. Add a few drops of concentrated sulphuric acid. Apply 
a moderate heat. 

Effervescence takes place. The gas that escapes is a mixture of 
carbonic acid and carbonic oxide. 

Apply a light to the mouth of the tube. The carbonic oxide hilrns 
with a blue flame. 

69. Mix the solution of the oxalate with a solution of Sulphate of 
Lime. 

You will get a white precipitate. 

Carbonates. — See page 79. 

70. Mix the dry Carbonate wifti a little water. Add a few drops 01 
Muriatic Aau. 

EffermscencB takes place. , The gas that escapes is without odour. 
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Sulphates.— See page 79, 

71. Mix a test s];x)onful of the dry sulphate widi as much dry 
carbonate of soda. Place it on charcoal, and heat it in the inner flame 
of the blowpipe. Lay the fused mass on a piece of bright silver, and 
add to it a drop of water. After a minute’s repose, wash the mixture 
from the silver. 

You will perceive a Uacli mark on the silver. 

This experiment distinguishes the Sulphates from all other salts 
in onr list except the Sulphides, from which they are distinguished by 
Experiment 57. 

Chromates. — See page 79. 

72. Take a large test tuli. Mix in it a test spoonful of the dry 
Chromate, with the same quantity of Chloride of Sodium, and a few 
drops of concentrated SuLPHumc Acid. Apply heat. 

Effervescence takes place, and the tube becomes filled with a splendid 
red gas. 

73. Take a large test tube.^ Mix in it a test spoonful of the 
Chromate, with a few drops of muriatic acid, and a few drops of 
alcohol, and boil the mixture over the spirit lamp. 

The boiling liquor gives off muriatic ether, and the colour of it 
becomes green. 

74. Before the blowpipe, the salts of chromic acid give the same 
result's as the salts of oxide of chromium. See Experiment 34, page 
90. 


^ Test tubes have been frequently directed to be used in the pre- 
ceding experiments. 

- - - '' experiments 

scrupulous cleanliness 
is; required, I may add 

a few words respecting the mode of cleaning such tubes. After 
each experiment they should be filled with water, before the products of 
the experiment have dried upon the surface. If the matters adhere, 
they may be removed by the use of a brush resembling fig. 69. 
Waste solutions of acids, alcalies, and alcohol, are used in cleaning 
glass vessels. 


To Teachers.^Where Chemistry is taught only in Lectures, because 
no conveniences exist for teaching Practical Chemistry, it is an excellent 
practice for the teacher to give his pupils specimens of salts, such as are 
enumerated at page 67, to be analysed at their own houses. This 
method is practised at the German^Universities with much success. 
The students apply themselves to these minute analyses with great zeal, 
and rapidly acquire considerable analytical skill. 
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ON THE PERFOEMANCE OF ANALYTICAL EXPERI- 
MENTS BY MEANS OF EQUIVALENT TEST 
LIQUORS. 

Centigrade Testing. 

Chemical substances act upon one another in quantities that are re- 
presented by their atomic weigh tr. I have explained that subject fully 
in another section. The weights given in the table at page 19 state a 
quantity of each substance, which, when weighed in English grains, 
constitutes what I call a Test atmn. Thus, 56 grains is the test atom 
of hydrate of potash, KHO ; and 49 grains is the test atom of hydrated 
sulphm'ic acid, HSO®. See page 18. 

When a test atom of any substance is dissolved in water, and the 
solution is farther diluted with water till it occupies the bulk of a deci- 
gallon, at the temperature of 62° F,, I call that a solution of one degree 
of strength, and I mark it 1°. Hence, a solution of hydrate of potash 
of contains 56 grains of that salt in a decigallon of solution. 
Sulphuric acid of contains 49 grains of the hydrated acid in a deci> 
gallon of the diluted acid. If five test atoms of the dry test are con- 
tained in the same bulk of solution, I call its strength 5^ (five degrees), 
&c. It is evident from this, that equal measures 
of solutions of the same degree are equivalent in 
chemical power to each other, and that any 
quantity by weight of a test can be taken by 
measuring off a corresjx)nding quantity of its 
solution of a known degree of strength. 

Apparatus foe Centigrade Testing. 

For operating in this way it is necessary to be 
provided with graduated glass instruments, such 
as I shall now describe. 

The bottle fig. 7 1 in the margin contains, when 
filled up to a mark on the neck, i decigallon, 
or 1 000 septems, or gallon, of any liquor. 

To prevent any misconception as to the relations 
and capacities of the Decimal Measures em- 
ployed in Centigrade Testing, I must call the 
reader^s attention to the Tables of Imperial Liquid 
Measures presented in page 98. ffhe upper table shows the measures 
that are established by Act of Parliament. The lower table explains 
the decimal system, which I recommend for chemical use. 

H 






71 . 
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IMPERIAL LIQUID MEASURE. 


Correspondence of the Weight and Measure of Water. 

Temperature 62° F. Barom., 30 inches. Weight, Avoirdupois. 






Fluid 

Ounces. 

Cubic 

Inches. 

Fluid 

Dmchms. 

Grains. 

I 

4 

8 

10 

160 

277-274 

1280 

70000 


I 

2 

2-5 

40 

69-3185 

320 

17500 



I 

1-25 

20 

34-6595 

160 

8750 

1 

To 



1 

16 

27-7274 

128 

7000 

1 

To 



1 

T 

2*286 

3*96106 

18*286 

1000 

Tv?r 



1 

TW 

I *6 

2-77274 

12*8 

0 

0 

r*' 





I 

1*73296 

8 

437 '5 





.5770 

I *0 

4*6164 

252*458 





•2286 

•396106 

1*8286 

100 





•2083 

'361033 

I * 6667 

91-1458 

TTtVo 



1 

Too 

• 16 

-277274 

1*28 

70 





•125 

•216620 

I *0 

54-6875 

fiTVF 0 



1 

Tinro 

*016 

•027727 

•128 

7 





•0023 

•003961 

•01829 

I 


The figures that have a dot over them are inexact. 


IMPERIAL LIQUID MEASURE. 

Divided Decimally. 


Gallon. 

Deci- 

Gallons. 

Centi- 

Gallons. 

Milli- 

Gallons. 

Septems. 

Avoirdupois Weight, 
of Water at 62° F. 

Grains. 

Pounds. 

I * 

10 * 

lOO* 

lOOO* 

I 0000 . 

70000 * 

lO* 

* I 

I * 

10 * 

100 * 

1000 * 

7000 * 

I * 

*01 

• I 

I* 

10 * 

100 * 

700 * 

I 

•001 

*01 

• I 

I** 

10 * 

70 - 

*01 

•0001 

•001 

*01 

•I 

I * 

T 

•001 


1 Quart = 2500 Septems. i Flt^ Ounce = 62*5 Septems. 

I Pint = 1 2 50 Septems. i Cubic Inch = 36*06543 Septems. 
I Centimetre Cube = 2*2 Septems. i Litre = 2*2 Dedgallons. 
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The unit of this system of decimal measures is called a Sefjem, 
because it contains 7 grains of pure water at the Par- 
liamentary Standard. I — j 

100 Septems = lb. of water = gallon, 

1000 Septems = i lb. of water = -jV g^^lJon. 

10,000 Septems = 10 lbs. of water = i gallon. 

I give the name of Decjgallon to the measure that 
contains i lb. of water, or the tenth part of the Imperial 
Gallon. 

The table itself explains all other relations. 

Fig. 72 represents a Centigrade Test Tube, more 
commonly called an Alcalimeter, It is a narrow glass 
jar, with a grooved stopper, by using which the con- 
tents can be poured out very slowly. It is graduated 
into a hundred equal parts, each part containing a 
septem, and the whole 100 parts being equal to a centi- 
gallon, or the tenth part of a decigallon. 

This particular /om of the centigrade test tube is not 
essential, and it may therefore be proper to add an 7^* 
account of one or two other varieties of that 
instrument. Fig. 73 d in the margin re- 
presents the Pouret or Burette invented by 
M. Gay Lussac. This is a very convenient 
and delicate instrument, but rather fragile. 

It is, in consequence, less suited for common 
workmen, than the instniment represented by 
72, but it gives more precise results. I 
have added two or three little conveniences to 
the pouret, which I shall describe, b, Fig. 74, 

, is a cylindrical block of wood, the ends of 
which are cut at right angles with the sides. 

In the front is a vertical groove. When the 
block is placed on a horizontal table, a. Fig. 

73, and the tube is pressed against the groove, 
the tube is placed at once in a perfectly ver- 
tical position, necessary for the accurate 
observation of the height of the liquor con- 
tained within it. c is a japanned tin plate, with a 
horizontal opening covered with white tissue paper. 

When the surface of the liquor in the pouret is 
placed against this narrow screen, the height of the 
liquor can be observed with exactness. The lower 
part of the curve formed, by the surface of the liquor 
is taken in dll cases as the true levels and this is well 
defined, when Idbked at before the screen. 74, 

• H 2 





100 


APPAKATUS FOR CENTIGRADE TESTING. 


As the pouret is round at the bottom, it re- 
quires a separate foot to support it when filled 
with test liquor. This foot is shown in the 
margin, c is the pouret; a is a wooden pillar 
perforated by an oval hole that supports the 
pouret in an upright position. When the pouret 
has been washed, it can be inverted on the peg h 
to drain. 

The centigrade tube represented by fig. 76 
ill the margin is equally simple and delicate. It 
was suggested by Mr. Binks. The tube can be 
fiic^d in a vertical position by the levelling block de- 
scribed above, and be supported by a mahogany foot 
of the candlestick form. 

In using these alcalimeters, they should be held close 
to the upper end, and when the one with a stop])er, 
6g. 72, is used, the forefinger should be firmly pressed 
upon the stopper, to keep it in its place. The spout of 
the alcalimeter must be always greased with a mixture 
of tallow and wax, to hinder the test liquor from 
running down the outside of the tube. The tallow is 
best ajiplied by means of a wooden syringe called a 
tallow-iiolder, represented by fig. 77. The mixture of 
wax and tallow is melted in a porcelain cup and poured 
warm into the holder, from which it is forced out by 
the piston as required. In applying the tallow to the 
beak of the pipette, it should be rubbed on pretty freely, 
and a small round hole should be pierced through the 
tallow with a needle. This hole regulates to some 
76. extent the force of the stream given by the alcalimeter. 

Another form of alcalimeter has recently 
been invented by Dr. Mohr of Coblentz, 
which, for most purposes, especially lor 
the analysis of acids and alcalies, in che- 
mical manufactories, is more useful than any of the above forms. It con- 
sists of a straight graduated glass tube, a, fig. 78, open at both ends, and 
fixed vertically to a support with two branches, h, 5 , b. A small glass jet, 
c, is appended to the lower end, by means of a caoutchouc connector, 
across which a peculiar wire stopcock, acts. When the stopcock is 
untouched, the test liquor remains quiet in the tube. When the stop- 
cock is pressed, the liquor descends in a stream, or in single drops, as 
may be required. When the action is completed, the quantity of test 
liquor expended is indicated by the centigrade scale, engraved on the 
tube between e and f; zero being made at e, and 100^ at /. 

Whatever the form of the alcalimeter, it must be^ divided into at 
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least 100 measures, each containing a septem. In general it is better 
to have a few more than lOO measures, but a smaller number is not 
convenient, except for special purposes. 

I proceed to notice some other useful instruments. 

Test-Mixer. — Fig. 79 is a Test-Mixer, a tall narrow bottle, gradu- 
ated into a hundred equal parts, and figured from below upwards. 
The capacity of it may be one, two, or five declgallons, according to 
the quantity of test liquor that may be required. For small operations, 
a test-mixer of one decigallon is sufficient. It must be well stoppered, 
and have a broad foot that it may stand steadily. 

Very frequently a test-mixer ol the form of fig. 80 is useful. It may 
contain lOO, 200 , or 250 septems, and must be -graduated into 100 
divisions, numbered from below upwards, so as to have zero (0°) of the 
scale at the bottom. In the figure, the graduation is numbered the 
wrong way. This instrument serves to prepare test solutions of gradu- 
ated sti'ength for analytical operations of every description. 

Pipettes to deliver Fixed Quantities of Tp:st Liquors.— Fig. 81 
is a pipette so graduated, that when filled up to the mark a, - 5 , it delivers 



exactly i*bo septems of solution, without reference to what adheres to the 
inner surface of^he glass. The last drop must be blown from the point 
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by applying the mouth to the upper end of the tube, while the lower 
end touches the inside of the glass receiving- vessel. 

Fig. 82 is a similar pipette, for the delivery of 
10 septems of solution. It is useful to have other 
pipettes to deliver such quantities as 25 or 50 sep- 
tems, or any arbitrary quantity necessary for a given 
purpose. 

Fig. 83 represents a long narrow pipette, graduated 
to single septems, of which it may conveniently contain 
about 20 or 30. The use of this is, to deliver any 
small quantity of test liquor, such as i, 2, 5, 10, or 
any uneven number of septems. See also fig. 87. 

To use a Pipette,- — Hold it by the thumb and 
middle finger of your right hand ; slightly wet the ball 
of the forefinger ; dip the lower end of the pipette 
into the liquor that is to be measured ; apply your 
mouth to the upper end of tlie pipette, suck up the 
liquor, and watch its rise till it is a little above the 
mark on the neck of the tube ; then cease to suck ; 
rapidly slip your forefinger on the upper orifice of the 
tube, and press it firmly. In going through this process, remember that 
the test liquors are poisonous^ and must not be sucked into your mouth. 
To prevent this accident, have a steady hand, keep the'lower point of 
the pipette always below the surface of the liquor, and cease to suck at 
the moment you perceive the liquor above the mark on the neck of tlie 
pipette ; or you can attach a short caoutchouc tube to the top of the 
])ipette, and regulate the flow of liquor by pinching the tube. Having 
filled the pipette above the mark, hold it steadily before you, fix your eye 
upon the mark, gently lessen the pressure on the tube, and let the excess 
of liquor run out, till the curve formed by its surface touches the mark. 
Then remove the pipette to the receiving-vessel and deliver its contents. 
When using the narrow pipette, fig. 83, the liquor should be adjusted to 
some specific number, such as 5 or 10, and then the number of septems 
required should he slowly dropped out and counted as they fall. The 
bottom septem of such a pipette cannot deliver its contents accurately. 
All quantities must therefore be measured in the middle of the pipette. 

By means of these instruments, solutions of acids, alcalies, and salts 
may be prepared of any desired degree of strength — the limit of the 
strength of each being the solubility of the substance in water at 62*^ F, 
The test atom of any substance can be easily divided into 100 or any 
smaller number of equal parts, or any fractional quantity of a test atom 
may be taken that is desirable for any particular purpose. With the 
addition of a few other glass vessels, Hhese instruments aflfbrd the means 
of testing the strength and purity of alcalies, acids, solutions of metals, 
and many other articles of importance in the arts. < 




103 


PREPARATION OF STANDARD SOLUTIONS. 

I proceed to describe the processes employed to prepare standard 
solutions of acids and alcalies. These solutions form the basis of the 
system of centigrade testing, and they must be prepared with great 
accuracy. The rule to be followed is this : to form a test liquor of 5 , 
which is a very convenient strength for general purposes, dissolve five test 
atoms of the chemical preparchtion in so much water as will make a deci- 
gallon of solution at 62° Fahr. The table at page 19 gives the weights 
of the test atoms. What we have to study now is the practical means 
of weighing them and bringing them into solution ; so as to secure the 
proper proportions of test and wfter. 

Carbonate of Potash of — The carbonates being bibasic 

solutions of 2^° are equal in saturating power to acid solutions of 5^. 
Seepages 107 and 114. Expose about 400 grains of pure carbonate 
of potash, in a porcelain crucible, to a red heat over a spirit lamp or 
gas light, to expel water from it. After 10 minutes’ ignition remove 
the crucible from the spirit lamp, and let it cool, closely covered. In 
the meantime, counterpoise a large thin dry and warm porcelain 
crucible, containing 345 grains in weights. When the ignited car- 
bonate of potash is cool enough to be weighed, remove the weights, 
and in their place put as much of the ignited salt as restores the equi- 
librium of the counterpoise. Transfer the weighed salt from the 
crucible into the decigallon measure, fig. 71, page 97. Add about 10 
ounces of pure water, shake the vessel to diffuse the heat, and add 
more water till the vessel is nearly filled up to the mark a, 6. It must 
then rest till the temperature of the solution sinks to exactly 62 F., 
which must be tried by a thermometer. When the liquor is come to 
that temperature, water is to be added by means of a dropping tube, 
till the measure is completed. This is the case when the engraved line 
a, 6, coincides with the lower part of the curve formed by the surface 
of the liquor in the bottle. Cover the mouth of the bottle with a piece 
of thin writing paper, close it tight with the palm of your hand, and 
shake the botSe to mix the solution thoroughly. It may then be 
decanted into a stoppered bottle. It will have the strength shown by 
No. 13, in the table on page 114, This solution may be used in pre- 
paring test acids of 5^, with which it is equivalent measure for 
measure. 

Carbonate of Soda of — A normal solution of this salt is pre- 

pared precisely in the same manner as the normal solution of carbonate 
of potash of 2^*^. Expose about 300 grains of the pure anhydrous salt, 
in a porcelain crucible, to a red heat for ten minutes. As soon as it is 
cool, weigh out 265 grains. IHssolve this in distilled water in the 
decigallon bottle, fig. 71, dilute the solution nearly to the mark a, 5 , 
bring the tenjperature of it to 62° F., and then adjust the measure 
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STANDARD SULPHURIC ACID. 


exactly to the mark. The strength is shown by No. 1 4 in the table on 


page 1 14. 

It is of the utmost consequence to prepare this solution with every 
attention to accuracy, because it is to form the standard for the strength 
of your acids, and indirectly of your alcalies, and if your normal solu- 
tion of soda is inaccurate, all your subsequent analyses of acids and alcalies 
will be inaccurate in the same degree. 

Sulphuric Acid of 5^. — Prepare a solution of carbonate of soda 




of 2^*^, as described under that article. 
Take of that solution 100 septems, by 
means of the centigallon pipette, figs. 81 or 
85 . Put it into a conical mixing jar, fig. 84, 
or into a wide-necked flask, fig. 78 Add 
six drops of tincture of litmus. This is 
most conveniently done by means of a bottle 
pipette, such as fig. 85. Fill your centi- 
grade alcali meter with diluted sulphuric acid 
containing one part of oil of vitriol mixed with 
about 20 parts of water. This mixture is to 
be made by putting the water into a thin 
glass flask, adding the acid to the water gra- 
dmllg^ and allowing the mixture to cool to 
62° F. Neutralise the 100 septems of solu- 
tion of soda with acid poured from the alca- 
li meter, and ascertain how many septems of 
acid are required. In doing this the follow- 
ing points are to be attended to carefully. 


86. Place a sheet of white paper below the flask 
or jar, to enable you to see the changes of colour that occur. Add the 
acid in quantities of about four septems at a time. Shake the jar with 
a circular motion to facilitate the mixture. After a time the blue litmus 


becomes of a pale claret colour. The jar must now be placed over a 
spirit lamp until the mixture becomes boiling hot. The acid is then 
to be slowly added, one or two drops at a time, until the colour of the 
litmus changes from claret red to a pale scarlet colour. The purpose 
for which the liquor is made boiling hot, is to expel the carbonic acid 
gas that is liberated from the carbonate of soda by the action of the 
sulphuric acid. Carbonic acid gives to litmus a claret or crimson tinge, 
sulphuric acid gives it a scarlet-red hue. Towards the end of the 
neutralisation, after every addition of one drop of the acid and agitation 
of the liquor, a drop of it is to be taken on the fine point of a glass rod 
and applied to a piece of blue litmus paper. As soon as tlie alcali is 
perfectly neutralised, and the liquor ccffitains the least excess of acid, 
the litmus paper turns red where touched by the wetted glass rod. 

The number of septems of the diluted acid that an^ required to 
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neutralise the soda, shows the number of septems of the acid that con- 
tain one-tenth part of five test atoms of sulphuric acid, or that quantity 
which will form lOO septems of solution of The experiment mu^t 
be repeated with great care, that you may be quite certain what this 
number is. I shall suppose it to be 40 septems. In that case, all that 
it is necessary to do to produce sulphuric acid of 5°, is to put 40 
measures of the diluted acid into the test-mixer, fig, 79, page 
1 01, and to add as much water as dilutes the 40 measures to 
100 measures. 

This dilution is to be effected with certain precautions. 

Supposing the test-mixer to contain 1000 septems, at first 
you add to 400 septems of the dilut’ed acid about 400 se})tems 
of water. Then ymt in the stopper, and shake the mixture. 
Afterwards you add more water, at two or three times, until 
the measure is equal to 990 septems. The mixture is left to 
cool to the temperature of 62^ F., which must be tried by a 
thermometer. When this temj)erature is attained, water is 
slowdy added, at first 3 or 4 septems, and the remainder by a 
dropping tube that cannot deliver above i droj) at a time, till 
the measure is exactly 1000 septems. This adjustment re- 
quires care, because not one drop of water must be added in 
excess. 

Oxalic Acid of 5°. — A test atom of crystallised oxalic 
acid weighs 63 grains; 5 test. atoms weigh 315 grains. 87. 
Take 315 grains of clean dry crystals of pure oxalic acid, dissolve them 
in the decigallon bottle, fig. 71, in %vater, and dilute the solution, at 
62^ F., to the bulk of a decigallon. It has, then, a strength of 50 ; 
consequently, one measure of it will neutralise one measure of carbonate 
of soda of 2 ^^. 

The standard solutions of carbonate of soda and of oxalic acid may be 
considered to be the two bases of the entire system of tests, because all 
other alcaline and acid solutions are prepared or tested by means of 
these, and it is, perhaps, a matter of indifference which of these solu- 
tions you take for a standard. Yet, while Dr. Mohr prefers oxalic 
acid, I prefer carbonate of soda. 

SoLUBiTJTY OF AciDS AND Alcalies. — In Studying the action of 
equivalent test liquors, it is useful to know the degrees of solubility of 
those chemical compounds whose frequent recurrence renders them 
important. 

I have observed at page 102, that solutions may be prepared of any 
degree of strength, consistent with the solubility of the respective sub- 
stances in water. Generally speaking, the most soluble substances are 
the free acids and free alcalies. Tne limits of solubility of the most 
important of these ai*e stated in the tables at pages 106 and 107. 
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TABLE OF THE SOLUBILITY OF ACIDS IN WATER. 


Temperature 62° Fahrenheit. 


Grains of 
Oxalic 
Acid, 
HCO 2 , 
in one 
Septem. 

Grains of 
Muriatic 
Acid, 
HCJ, 
in one 
Septem. 

Grains of 
Acetic 
Acid, 

H,C2Ha02, 
in one 
Septum. 

Gi-ains of 
Nitric 
Acid, 
HN03, 
in one 
Septem. 

Grains of 
Sulphuric 
Acid, 
HSO 2 , 
in one 
Septem. 

Test 
Atoms 
in one 
Decigallon, 
or 1000 
Septt‘ms. 

Septems 
containing 
one Test 
Atom. 





12 *92 I 

263-7 

3*79 





12-74 

260* 

3-85 





12*25 ; 

250* 

4 - 





1 1 76 

240* 

4-17 





11*27 

230* 

4-35 





10-78 

220* 

4-55 





10*29 i 

210* 

4-76 





9*8 

200* 

5 ' 



1 


9*31 

190* 

5*26 





8*82 

i8o‘ 

5-56 





8-33 

170* 

5*88 




10*647 

8*281 

169* 

5-92 




io-o8 1 

7-84 

160* 

6*25 




9'45 

7‘35 

150- 

6-67 




8*82 

6*86 

140- 

7-14 




8 • 19 

6-37 

130* 

7-69 

i 


7*41 

7-781 

6-052 

123*5 

8-1 

1 


7*2 

7-56 

5-88 

120* 

8-33 



6-6 

6-93 

5‘39 

no* 

9-09 



6* 

6-3 

4'9 

lOO* 

lO* 


3 ’ 43 i 

5*64 

5-922 

4-606 

94 * 

10*6 

i 

3-285 

5-4 

5-67 

4-41 . 

90 * 

II * I 


2*92 

4*8 

5-04 

3-92 

80* 

12*5 

1 

2*555 

4*2 

4-41 

3 ‘43 

70- 

14*3 


2*19 

3*6 

3‘78 

2-94 

6o* 

16 *7 

i 

1*825 

3 ' 

3 'i 5 

2-45 

50* 

20* 

: 

I *46 

2*4 

2* 52 

I -96 

40* 

25 ‘ 


1*095 

1-8 

I * 89 

1-47 

30* 

33*3 1 


•73 

1*2 

I * 26 

-98 

20* 

: 50- 


•5475 

•9 

•945 

•735 

15* 

66*7 


•4336 

*713 

•748 

•582 

11*88 

84*2 

■45 

•365 

•6 

•63 

•49 

10* 

100 * 

■225 

• 1825 

*3 

•315 

•245 

5 * 

200* 

•09 

•073 

* 12 

•1^6 

•098 

2 • 

500* 

•045 

•0365 

•06 

•063 

•049 , 

I • 

icpo* 

45 

36-5 

60 

"3, 

49 

Weights of 

' Test Atoms. 
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TABLE OF THE SOLUBILITY OF ALCALIES IN WATER. 


Temperature 62 ° Fahrenheit. 


Grains of 
Carbonate 
of Soda, 
Na2CO», 
in one 
Septem. 

Grains of 
Carbonate 
of Potash, 
K2C0», 
in one 
Septem. 

Grains of 
Caustic 
Soda, 
NaHO, 
in one 
vSeptem. 

Grains of 
Caustic 
Potash, 
KHO, 
in one 
Septem. 

Grains of 
Anhydrous 
Ammonia, 

in one 
Septem. 

Test Atoms 
in one 
Decigallon, 
or 1000 
Septems. 

Septems 
containing 
one Test 
Atom. 





2*125 

125- 

8* 





2 *04 

120* 

8-33 





1-87 

no* 

9-09 




5-694 

1*728 

I 01 *67 

9-83 




5-6 

i ‘7 

100* 

lO* 




5-04 

i '53 

90- 

11*1 



3-53 

4-94 

1-5 

CD 

QO 

11-3 



3-2 

4-48 

1*36 

80* 

12-5 



2-8 

3-92 

1-19 

70- 

14*3 



2-4 

3-36 

I -02 

60* 

16*7 



2' 

2-8 

•65 

30 - 

20* 


5-764 

1*67 

2*34 : 

■71 

41-77 

23*9 


5-52 

1*6 

2*24 

-68 

40- 

25* 


4-14 

I • 2 

I *68 

■51 

30- 

33*3 


2*76 

•8 

1*12 

•34 

20* 

50* 


2*07 

•6 

•84 

•255 

15- 

66*7 

I *236 

I *61 

•47 

•653 

* 198 

11*66 

85-8 

I ’06 

1*38 

*4 

•56 

•17 

lO* 

100* 

‘53 

•69 

• 2 

•28 

-085 

5 - 

200* 

•212 

•276 

•08 

•II 2 

•034 

2* 

500* 

• 106 

•138 

•04 

•056 

•017 

I * 

lOOO* 

106 

Bibasic. 

138 

Bibasic. 

40 

Monobasic. 

56 

Monobasic. 

17 

Monobasic. 

Weights of Test Atoms. 


The Carbonates, being bibasic, neutralise twice as much acid as the 
monobasic Alcalies of the same degree, measure for measure. Con- 
sequently, if monobasic solutions of 5 test atoms per decigallon are 
adopted as standards, equivalent solutions of the carbonates must con- 
tain only 2 }^ test atoms per decigallon. See page 114. 

Example : — 

One atom of bibasic carbonate of soda = NaNa,CO® 1 _ 

Two atoms of monobasic sulphuric acid = HSO*-i-HSO*j 
(NaSO* + NaSO® = two atoms of sulphate of soda. 

HHO 3 = one atom of water. 

(CO* $ = one atom of carbonic acid. 
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STANDARD AMMONIA. 


These Tables show the limits of solubility of the substances to which 
they refer. They show what degrees of strength are possible, and what 
are impossible. You can have sulphuric acid in the state of pure oil of 
vitriol of 264'^. On the other hand, you cannot have oxalic acid of 
greater strength than 1 2^, It is curious to see that the solubility of the 
thiee minend acids is nearly as the ratio of i, 2, 3, namely : — 

Muriatic Acid . . . 94° 

Nitric Acid . . , 169® 

Sulphuric Acid . . . 264^ 

Considerable differences occur also among the alcalies. Ammonia 
can be made of 125^, but carbonate of soda not stronger than 12°. 

The sixth column of the Tables shows the Degree of strength, or 
the number of Test Atoms per decigallon of each acid or alcali, that is 
equivalent to the weights named under the respective heads in the 
preceding columns. 

The seventh column contains information of great importance for the 
preparation of dilute tests, namely, it states the quantity^ m septems, of 
each liquor^ which contains one test atom, and it applies equally to all the 
substances named in the Tables. These numbers are found by dividing 
1000 by the number which represents the degree of each liquor. The 
mathematical scholar will find the numbers readily by means of a table 
of Reciprocals. I shall give such a table in a subsequent section, 

I call this number the Atomic Measure of a test solution. 

PREPARATION OF EQUIVALENT TEST LIQUORS. 
Alcalies. 

Determination of the Chemical Strength of Liquid 
Ammonia , — 4 septeras of the ammonia to be tried are 
mixed with 100 septems of water and 6 drops of 
solution of litmus. Use a wide-necked white glass 
bottle, fig. 88. The centigrade test-tube is to be 
filled with sulphuric acid of 5°, and the alcali is to be 
neutralised with all the precautions described in rela- 
tion to sulphuric acid, page 104, excepting that, as no 
carbonic acid is present, the mixture does not require 
to be heated. The operation is finished when the blue 
mixture suddenly becomes red. 

The strongest solution of ammonia at 62^ F. 
contains 125° of ammonia, and 4 septems of such 
a solution contain half a test atom of ammonia. See page 107. This 
quantity of ammonia demands for its neutralisation lOO septems of 
sulphuric acid of 5*^. All weaker Solutions of ammonia require, of 
course, a smaller quantity of acid for their neutralisation. 

In calculating the result of this analysis, the numbe^ of septems of 
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sulphuric acid which is required to neutralise the 4 septems of ammonia 
is first to be divided by 4, and then to be multiplied by 5. The pro- 
duct is the chemical strength of the ammonia expressed in test atoms. 

Suppose the 4 septems of ammonia to require 100 septems of sulphuric 
acid of 5°, to neutralise them. We divide 100 by 4, to find how 
many septems of this acid are equal to 1 septem of the ammonia, and 
we find it to be 25. But the acid is of 5^ of strength; and we 
multiply 25 by 5, to find the equivalent in septems of acid of only 
of strength. The number we obtain is 125. Consequently, one 
septem of this ammonia will neutralise 125 septems of acid of 1°, or, 
in other words, the strength of the ammonia is 125°. 

Again, suppose the 4 septems of ammonia to be 
neutralised by 96 septems of acid of then 96 -f- 
4 = 24, and 24 X 5 = 1 20, which is the degree of the 
strongest commercial ammonia, the specific gravity of 
which, calculated by the rule given below, is 
1000 — 120 = 880. 

Preparation of Ammonia of 5° — Having deter- 
mined by experiment the degree of your solution of 
ammonia, which I shall assume to be 1 20°, you have 
next to find its atomic measure^ or the quantity of it, 
which contains i test atom of anhydrous ammonia. 

This, as I have stated in page 108, is done by dividing 
1000 by the number that expresses the degree. Now 
1000-7- 120 = 8*33. Hence, to prepare a solution of 
50, you have to take 5 times 8*33. = 4i*65 septems of the 
strong ammonia and dilute it in the test-mixer to 1000 
septems. It is then a solution of 5°. 

Ammonia-Meter. — In commerce, liquid ammonia is 
usually valued according to its specific gravity. The 
hydrometer, however, indicates the strength of liquid 
ammonia in a very rough way; for 5 test atoms of 
ammonia per decigallon mark only i degree of a scale 
like that of Twaddelfs hydrometer. I have recently 
contrived a hydrometer which has a convenient scale, 
when such a mode of testing is considered sufficiently 
precise. I have shown that at 62® F. a decigallon of 
the strongest ammonia contains 125 test atoms. The 
ammonia-meter contains 125*^, each of which indicates *^ 9 * 

I test atom of ammomacal gas per decigallon of solution^ or 170 grains 
per gallon. 

This instrument is represented by fig. 89. A veiy extended table 
has been prepared to accompany tt for the use of dealers in ammonia ; 
it shows the weight of dry ammonia per gallon and per pound at eveiy 
degree, and tl^ corresponding money value of each solution. 
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AMMONIA-METER.— NITRIC ACID. 


The relation of the specific gravity to the chemical strength of solu- 
tions of ammonia is remarkably simple. If the chemical strength is 
estimated in test atoms, and the sf)ecific gravity is 'written to three 
places of decimals, then the numbers which express the two powers ai*e 
in all cases equal to looo. Thus the specific gravity of ammonia of 
125° is *875 ; that of 120° is *880, &c. See the subsequent article on 
Ammonia. 

Caustic Potash op 5°. — Caustic Soda of 5°.— A strong solution of 
caustic potash, or caustic soda, is to be tested in the same manner as the 
solution of ammonia. The degree having been found by experiment, 
the atomic measure is calculated, and dilution of 5 test atoms to 1000 
measures is effected in the test-mixer. 



Acids. 

Determination of the chemical Strength of a sample of Nitric 
Acid. — Process , — Put into a flask of the capacity of 3 or 4 ounces, 1 00 
septems of water. Add 6 drops of solution of 
litmus, then by means of the graduated pipette, 
fig. 83, page 102, put- into the flask 5 septems of 
the nitric acid which is to be tested, and shake 
the mixture, which will have a bright-red colour. 
Fill the centigrade test tube with solution of 
ammonia of 10^ of strength. Adjust the measure 
accurately to o®. To do this easily, you may fill 
it rather above the mark, grease the lip of the test 
tube to prevent the liquor flowing down the outside, and pour the extra 
ammonia back into its bottle, drop by drop, till the proper measure 
is obtained. The next step is to neutralise the nitric acid with the 
ammonia, which is to be poured from the graduated tube into the 
flask in small portions of 2 or 3 septems at a time. After each 
addition of ammonia, the flask is to be shaken. When the bright- 
red colour of the acid begins to appear a little fainter, the ammonia 
must be added in quantities of 2 drops at a time. At last the red 
colour is suddenly converted into blue, at which point the acid is 
totally neutralised. 

Result , — Having determined how many septems of solution of 
ammonia of 10^ is required to neutralise 5 septems of nitric acid, the 
degree so found is to be divided by five, and then multiplied by 10, 
which gives its strength in test atoms. Suppose the nitric acid to be so 
strong that the 5 septems of it require for neutralisation no less than 84 
septems of ammonia of 10°, then we have these calculations: — 

84 — 5 ^ i6-8 and i^6*8 X 10 = 168. 

Hence the nitric acid is of the strength of 168 test atoms per deci- 
gallon, or is within the strongest possible at 62° F., as shown by 
Sie table at page 106. y 
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Preparation of Nitric Acid of 5° You take citric acid of any 
strength, and test its degree in the manner just described. I assume 
that you find t]\e degree to be 165^, you then calculate the atomic 
measure, by dividing 1000 by the degree. lOOO-r 165 = 6‘o6. 
Hence 5 times 6*o6, say 30^ septems of the strong acid, diluted with 
water in the test-mixer till it forms 1000 septems, produces nitric 
acid of 5°. 

Nitric Acid of 10^. — After finding the strength of your nitric acid, 
as just described, take ten times 6*o6 septems, or say 6o| septems, and 
dilute it in the test-mixer to lOOO septems. It has then the strength 
of 10^. 

Muriatic Acid of 10^. — Muriadc acid of 10° is prepared exactly in 
the same manner as nitric acid of that strength. This acid is required 
for testing limestones, and other substances that produce insoluble salts 
with sulphuric and oxalic acids. 

General Observations on the Process for testing the Strength 
OF Acids and Alcalies. — One test acid is sufficient for testing all the 
alcalies, and one test alcali for testing all the acids. 5° is a useful 
strength, but acids of 10^, 20°, 30°, &c., are required for other 
purposes. The choice of the test acid lies between sulphuric acid and 
oxalic acid. The former is much the cheapest of the two, and I think, 
on the whole, is preferable to the latter. The solution of oxalic acid 
can be made directly from the pure crystals. The former requires the 
use of pure carbonate of ix)tash or of soda. But this is a disadvantage 
which is only felt in the preparation of the first solution, since all others 
are made by testing with caustic alcali. 

The standard alcali may be either ammonia or caustic potash. I find 
that a solution of the former of 5° can be kept a considerable time in a 
cool place without much alteration. The caustic potash does not suffer 
a loss of strength, from the volatilisation of the alcali, and is preferable 
on that account. It can only be used, however, with Mohr’s form of 
alcalimeter, fig. 78. None of the aicalimeters which have the spout at 
the top can be used with caustic potash. The reason is, that those 
aicalimeters require to have the spout greased with tallow, to hinder the 
test liquor from running down the outside of the tube, and caustic 
potash (and caustic soda also) washes the tallow away. Caustic soda 
has the disagreeable property of acting upon the graduated glass tubes. 

When the standard test solutions and the apparatus are in good 
order, the analysis of acids and alcalies can be eflfected with very small 
quantities of liquor. 5 septems of a strong solution, or 10 septems of 
a weak solution, is commonly enough to operate upon. The best plan 
for general procedure is to begift with 5 septems, and neutralise it 
rapidly. * You thus get a rough estimate of the strength of the liquor ; 
after which yoij repeat the experiment carefully with 5 or 10 septems. 



112 


CHEMICAL TESTING IN THE ARTS. 


lu all the preceding examples, I have given the method of calculating 
results in such a manner as to lead to the preparation of standard 
solutions of particular degrees of strength. But it often happens, in 
analytical processes, that you want to know the exact weight of some 
component of a substance submitted to examination. I have thrown 
into the form of a table some examples to show the manner in which 
experiments of this sort are to be managed. See the Table on pages 
1 14 and 1 1 5. 

Example. — Neutralise a small quantity — by weight if solid, or by 
measure if liquid — of one of the acids named in the table from i to 7, 
using a test alcali of 5^ with an alcalimeter. Observe how many 
septems of test alcali are required. Let it be 30. Then, under the 
head of 3 septems in the table, and on the horizontal line of the acid 
submitted to examination, you find a number, which, after the removal 
of the decimal point, one place to the right hand — to convert 3 septems 
into 30 — show the number of grains of the acid contained in the quantity 
that was submitted to the test. Thus, if the subject of assay was acetic 
acid, it contained 9 grains of acid. If it was tartaric acid, the quantity 
was 11*25 In like manner, the weight of an alcali can be 

reckoned from the quantity of test acid required to neutralise it. 

Application of the piuncipli:s of Centigrade Testing to 
Mercantile and Manufacturing Operations. — The process of 
centigrade testing is employed as an easy and rapid method of analysis, 
to direct the operations of the manufacturing chemist, or to determine 
the commercial value of his products. It is therefore used to determine 
the strength of the liquid acids, the purity of carbonate of soda, the 
bleaching powder of chloride of lime, and for the solution of numerous 
other technical problems upon which my space does not permit me to 
enter into details ; but I shall give two or three examples to show the 
method and importance of such operations. 

Testing of Impure Carbonate of Soda. — Commercial carbonate of 
soda contains water and neutral salts. The object of the analysis is to 
find how much carbonate of soda it contains. Weigh out 2^ atoms, 
namely, 265 grains, of the impure carbonate of soda, and make with it a 
decigallon of solution, in the manner described at page 103. Then 
measure off 100 septems of the solution, and test it with sulphuric acid 
of 5^, in the manner described at page 104. The number of septems 
of test acid used shows the per centage of carbonate of soda contained 
in the impure sample. 

Testing of Vinegar. — Take 50 septems of -vinegar, dilute it with its 
bulk of pure water, add a few drops of litmus, and neutralise it with 
test alcali of 5'^. Observe the number of septems required, and divide 
that number by 50 and multiply it •by 5, or, what comes to the same 
result, divide it by 10. The product is the degree of the vinegar. If 
the number of septems is 50, then 50-7-50 = i , and i x 5 ~ 5 » ^ 
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also 50 4 - 10 = 5 ; which is the strength of the vinegar in test atoms 
per deci gallon. The strength of good vinegar is about 6i degrees. 

Testing of Limestone and Marls , — The value of limestone commonly 
depends upon the quantity of carbonate of lime which it contains. This 
is true, whether the limestone is to be used as a flux for ironstone in the 
blast furnace, or to be burnt for mortar or for manure. Marls usually 
contain from 50 to 80 per cent, of carbonate of lime, the residue con- 
sisting of sand or clay. On the contrary, fine English chalk and Irish 
limestone are almost pure carbonate of lime. 

The following method of testing limestones 
is extremely easy, and gives very good 
results. The flask must be choserv of about 
the capacity of 6 ounces of water, and with 
a cylindrical neck, about 6 indies long and 
I inch in diameter. The flask may have 
the form of fig. 91 a, or fig. 92, but it 
must be thin at the bottom, to bear ex- 
posure over a spirit lamp. Fig. 91 5 , is a 
tube of thin glass, that fits the neck of the 
flask pretty close, but slips easily up and 
down ; it is filled with cold water, and 
stopped by a large cork, c. 

Weigh out on a watch-glass, for analysis, 

50 grains of the limestone, previously re 
duced in a porcelain mortar to a fine powder. 

Put into the flask a, 1 00 septems of muriatic 
acid of lo'^. To do this easily and accu- 
rately, use a pipette of the form of fig. 93, 
graduated to deliver 100 septems. Dip 
this into the prepared acid, adjust the 
measure, and then transfer the pipette to 
the flask a, without soiling the neck of the flask. Add the pulverised 
limestone gradually to the muriatic acid, agitating the mixture after 
every addition of powder. When the powder has been all added, if 
any of it sticks about the neck of the flask, it must be washed down 
into the acid by means of a washing-bottle. Put the tube h into the 
flask, and apply heat to the flask by means of the spirit-lamp. This 
completes the action of the acid on the limestone, and expels the 
disengaged carbonic acid, which lifts up the tube h, and escapes. The 
cold water is intended to condense any vapour of muriatic acid that may 
be produced by the heat, and so prevent its escape from the flask. 
When the liquor has been raised to a boiling heat, the flask may be 
removed from the lamp. The oiJfcside of the tube h is to be washed by 
the spirting bottle, and the washings added to the contents of the flask. 
Add 6 drops qf solution of litAus to the mixture, which will become 

J 
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TABLE 

OF TEST EQUIVALENTS, 




Weight of 

Weight of 



Test Atom, 

5 

Test Atoms. 

I Acetic Acid . 


60 • 

300* 

2 Muriatic Acid 

. . HCl 


182*5 

3 Nitric Acid 

. . HNCP 

63- 

315- 

4 Oxalic Acid . 

. . HCO' 

45 ' 

225* 

5 — — crystallised . HCO®,HHO 

63- 

3 i 5 ‘ 

6 Sulphuric Acid 

. . HSO* 

49 ’ 

245- 

7 Tartaric Acid, crystallised 

15 ' 

515 ' 

8 Carbonic Acid 

. . CO* 

44 ' 

220 ' 

9 Ammonia . 

. . NIP 

17' 

85- 

10 Potash, hydrate 

. . KHO 

56- 

280’ 

1 1 Soda, hydrate 

, . NaHO 

40- 

200* 

12 Lime, hydrate 

. . CaHO 

37 ' 

185- 

13 Potash, carbonate * 

2-i atoms KT'O® 

138- 

345 •* 

14 Soda, carbonate * 

24atwras Na*CO’ 

io6' 

265 '* 


red, and then, by means of a centigrade test-tube, add solution of 
ammonia or potash of lo^ until the mixture turns blue, Result — 
Every septem of ammonia required to be added to neutralise the 
mixture in the flask, indicates i per cent, of impurity in the limestone. 
Thus, if 20 septems of ammonia are used, the limestone contains 8o per 
cent, of carbonate of lime. The reasons are obvious : 50 grains of car- 
bonate of lime, 1 00 septems of acid of 10°, and 100 septems of anunonia 
of JO^, all contain equivalent quantities of the respective reagents, pro- 
vided all are pure. Hence, if carbonate of lime is deficient, the ammonia 
su})plies its place and indicates the quantity per cent* 
Testing of Ammonia. — In the examination of im- 
pure salts of ammonia, used for manure and other pur- 
poses, it is necessary to ascertain the quantity of ammonia. 
The impure compound is heated in a flask with a solu- 
tion of caustic soda, which disengages ammonia in the 
state of gas. To determine the quantity of this ammonia, 
you collect it in such an apparatus as is represented by 
fig. 94, where u is a bent tube containing 100 septems 
of acid of 5“^, and b a gl£^s with cold water for con- 
94 . densation. Such a quantity of the ammoniacal compound 
must be operated upon as will liberate a smaller quantity of gas than 
100 septems of acid of 5° can absorb. The table at page 1 1 5s column 
I septem, line 9, shows that that quintity of ammonia is 8*5 grains. 
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SOLUTIONS OF FIVE TEST ATOMS IN A DECIGALLON. 



I 

Septem 

2 

Septems. 

3 

Septems. 

4 

Septems. 

5 

Septems. 

6 

Septems. 

7 

Stptems. 

8 

Septems. 

9 

Septems. 

I 

•3 

•5 

•9 

1*2 

i‘5 

1*8 

2*1 

2-4 

2*7 

2 

’1825 

•365 

•5475 

•73 

•9125 

1-095 

1-2775 

1*46 

1*6425 

3 

•315 

•63 

'945 

1*26 

I ’575 

1-89 

2*205 

2 52 

2-835 

4 

*225 

•45 

•675 

•9 

1*125 

1-35 

1-575 

1*8 

2*025 

5 

•315 

■63 

•945 

I *26 

i'’575 

1*89. 

2*205 

2 -52 

2-835 

6 

•245 

’49 

•735 

•98 

t -225 

^*47 

1-715 

I * 9(5 

2*205 

7 

•375 

•75 

1M25 

1*5 

1-875 

2*25 

2-625 

3 ‘ 

3*375 

8 

•22 

•44 

•66 

•88 

I •! 

1*32 

i’54 

i"]6 

1*98 

9 

•085 

•17 

•255 

•34 

•425 

‘ 5 ^ 

•595 

•68 

•765 

TO 

•28 

•56 

•84 

1^12 

I ’4 

1*68 

I -96 

2-24 

2*52 

II 

•2 

•4 

•6 

•8 

£• 

1*2 

1-4 

1*6 

1*8 

12 

•185 

*37 

‘555 

•74 

•925 

I* II 

1-295 

I *48 

I *665 

13 

•345 

•69 

1-055 

1-38 

1-725 

2 *07 , 

2-415 

2*76 

3*105 

14 

’265 

•53 

•795 

I ^06 

1-325 

^‘59 

1-855 

2*12 : 

2-385 


At the end of the distillation, the excess of acid must be neutralised by 
test alcali of 5°, and the number of septems of test alcali being deducted 
from 100, the residue shows the equivalent of ammonia. Thus, if 
30 septems of alcali are required, the ammonia must have neutralised 
70 septems of test acid, and, according to the table at page 115, column 
7 septems, line 9, that indicates the presence of 5*95 grains of ammonia. 

In the analysis of guano, the nitrogen it contains is converted into 
ammonia by ignition with soda and lime ; but the ammonia, when dis- 
engaged, can be estimated in this manner. 

MiSCELLANEOCrS EXPERIMENTS WITH EQUIVALENT TeST LiQUORS. 

A great variety of salts can be quickly and economically prepared in 
small quantities for examination by tests, &c., by this process, which is 
therefore strongly recommended to students. Solutions of the principal 
acids, alcalies, and alcaline carlwnates, all of 1 0° or of 5° of strength, 
are first prepared by the processes described under the respective articles, 
setting out with the normal solution of carbonate of soda, descrilied at 
page 103. Solutions of the principal salts should also be prepared of 
10°, 5°, or of strength. But as, of such solutions, a student will 
not require so large a quantity as a decigallon, he should be provided 
witli a oentigallon (100 septemaj) test-mixer of the form shown by 
fig. 80, ‘page lOi, or with a bottle like fig. 95, which holds loo 
seWms when filled up to a mark on the neck. To prepare solutions 
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EXPERIMENTS WITH TEST LIQUORS. 


of with this instrument, part of a test atom 
of each salt is required for loo septems of solution. 
That is to say, the numbers in the table at page 19 
require the decimal point to be moved one figure to 
the left. Thus, i2*2 grains of crystallised chloride 
of barium will give i centigallon of solution of 
at 62^ F. — A bottle of this sort, graduated to 250 
septems, requires J of a test atom of the salt, and 
gives 4 fluid ounces of solution. — When the stu 
dent has prepared a series of such solutions, he can 
proceed to make a series of other salts as follows : — By 
adding 10 septems of sulphuric acid of 10° to 10 
septems of solution of potash of 10®. The measure is best effected by 
a pipette, graduated so as to deliver 10 septems of liquid, indepen 
dently of what adheres to the tube, fig. 82. The mixture may be 
made in a capsule of glass or porcelain, in which the product can be 
evaporated for the purpose of crystallisation. No filtration is necessary, 
because the liquors are all considered to be pure. The above mixture 
yields, if the operation is correctly performed, neutral sulphate of 
potash, the quantity of which should agree with the indications of the 
table at page 114. 10 septems of sulphuric acid of 10^ contain 4-9 

grains of the acid HSO®, and the same quantity of solution of caustic 
potash of 10® contains 5*6 grains of the alcali KHO. The sulphate of 
j)Otash produced by their mixture should therefore weigh 4*9 -f 5*6 — 
r8 atom of water) = 8*7 grains. The decomposition is as follows : 
HSO* -h KHO = KSO* + HHO. — Other salts may be produced in a 
similar way. If 10 septems of muriatic acid of are put into a 
test tube, and 5 grains of pure calcareous spar are added, and the liquor 
is boiled when the effervescence ceases, the muriatic acid should be 
entirely neutralised, and the liquor contain neutral chloride of calcium. 
For 10 septems of acid of lo'^ is the loth part of a test atom, and 
5 grains of calc spar is the 20th part of a test atom, and these are there- 
fore ecjuivalent quantities. — If the resulting solution of chloride of calcium 
is diluted with water to the bulk of icx) septems, then the solution will 
be of of strength, and 10 septems of it should be exactly precipitated 
by 10 septems of solution of nitrate of silver of of strength. 

In the same manner 10 septems of nitric acid of 10° should dissolve 
the loth part of a test atom, namely, 3*175 grains, of metallic copper, 
producing the loth part of a test atom of nitrate of copper. The 
various compounds that may thus be formed can be evapo;ated and 
crystallised, or preserved in the liquid state, or be tested by the reagents, 
or be converted by double decomposition into other salts. Thus 16 
septems of chloride of barium of loP ftiixed with 10 septems of sulphate 
of soda of iQP will be totally decomposed, producing the lotfli part of 
a test atom of insoluble sulphate of barytes, and the la^h part of a test 
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atom of soluble chloride of sodium. By filtration, washing, and evapo- 
ration to dryness, both may be obtained separately in the solid state. 
It is quite evident that a vast number of accurate experiments may thus 
be performed with facility and great economy. 

Experiments with Test Liquors of 50. 

These experiments are to be performed 
in the manner just described. 10 sep- 
tems of each liquor are to be measured 
by means of a graduated pipette, fig. 96. 

The liquors are to be mixed in a glass 
flask, fig. 97, or a beaked tumbler, ‘fig. 98, 
both thin enough at the bottom to bear 
heating over a spirit-lamp. When there 
is a precipitate, it is to be collected on a 
paper filter placed in a glass funnel, fig. 99, 
and to be washed with pure water, by means 
of the washing-bottle, fig. 100, the water 
from which is expelled by the tube 5 , 
when you blow into the tube a. The 
washings are to be added to the solution, 
which is to be poured into a small porcelain 
evaporating basin, and to be evaporated as directed at page 55, that the 
salt it contains may crystallise. If you possess a microscope, a drop of 
the solution, with some of the precipitated salt, should be placed on a 
glass slider, and examined under the microscope. Sulphate of lime 





and other pr^ipitates often show very beautiful and characteristic 
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crystals. A drop of the filtered solution after concentration by heat 
should also be examined thus, when the forms of the different salts will 
be distinctly perceptible. 

Experiments on the Composition of Salts* 

1. Mix sulphuric acid with ammonia. Evaporate and crystallise. 
The product is sulphate of ammonia. 

2. Mix sulphuric acid and soda. Evaporate and crystallise. Pro- 
duct, sulphate of soda. 

3. Mix sulphuric acid and potash. Crystallise. Product, sulphate 
of potash, 

4. ^n the same way, muriatic acid and ammonia produce chloride of 
ammonium. 

5. Muriatic acid and soda produce chloride of sodium. 

6 . Muriatic acid and }>otash produce chloride of potassium. 

Nos. 5 and 6 can be crystallised by slowly evaporating the water. 

7. Nitric acid and ammonia produce nitrate of ammonia. Crystallise. 

8. Nitric acid and soda produce nitrate of soda. Crystallise. 

9. Nitric acid and potash produce nitrate of potash. Crystallise. 

10. The salts produced by mixing caustic alcalies with acids can also 
be produced by mixing the carbonates of the alcalies with acids, the 
carbonic acid being discharged in the state of gas. 

1 1 . When equal measures of an acid and an alcaline test solution of 
the same degree are mixed together, the resulting solution has only half 
the degree of the components. 1000 septems of sulphuric acid of lo^, 
and 1000 septems of soda of 10°, produce 2600 septems of sulphate of 
soda of 5^ ; because there is present in all only 10 test atoms of sul[)hate 
of soda, and that is dissolved in 2000 septems of solution. 

Double Decomposition of Salts, 

In these experiments use 10 septems (or, if you prefer it, 25 septems) 
of each liquor. Boil the mixture and let it cool. The precipitates are 
to be separated by filtration, and the salts remaining in solution are to 
be crystallised. Double decomposition of salts, effected by equivalent 
quantities of solution, is rarely quite complete. Sometimes part of one 
of the original salts is carried down by the precipitate : sometimes part 
of what should precipitate remains dissolved in the mother liquor. 
Nevertheless, this set of experiments gives very striking and instructive 
results. 

12. Mix sulphate of soda and chloride of calcium. Boil. Products, 
sulphate of lime crystallised, and chloride of sodium in solution, 

13. Mix sulphate of soda and nitrate of lime. Products, sulphate of 
lime crystallised, and nitrate of soda fti solution. 

14. Mix sulphate of soda and chloride of barium. Products,' sulphate 
of barytes in powder, and chloride of sodium in solution. 
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Experiments with Phosphate of Soda of 

15. Mix 5 measures of this solution with i measure of chloride of 
calcium of 5°. Product, phosphate of lime precipitated and chloride of 
sodium in solution, 

16. Mix 5 measures of the pliosphate of soda of with 1 measure 
of nitrate of lime of 5°. Product, phosphate 01 lime precipitated and 
nitrate of soda in solution. 

These experiments give examples of the manner in which the nature 
and relations of saline manures may be explained in schools where agri- 
cultural chemistry is taught. 

The teacher can not only show .the substances in their crystallised 
condition, and say, This is nitrate of soda — this is sulphate of soda — 
that is gypsum,” &c., but he can demonstrate the properties of the 
proximate elements of these salts; he can exhibit experimentally the 
diderences between acids and bases, and can use the tests by which the 
individuals of each class are severally identified. He can then ‘with 
facility and certainty compose the salts before the eyes of the pupils, 
making common salt and nitre, and glauber’s salts and sal-ammoniac, 
by the mixture of corrosive acids and alcalies ; and producing insoluble 
gypsum and bone-earth by the mixture of limpid solutions. It cannot 
be doubted that, in agricultural schools, experiments of this practical 
kind, made, as they could be made, thoroughly intelligible to the pupils, 
would be productive of very beneficial results. The nature of the saline 
manures would be better comprehended, and the cheating practised by 
dealers in manures, would be in a great measure prevented. No young 
farmer who had performed, or had seen performed, the analytical expe- 
riments described in the preceding pages, would ever pay the price of 
guano for a mixture of brickdust and spent bark, or even pay the price 
of good saltpetre for a mixtoe containing forty per cent, of common 
salt — examples of agricultural economy which stand on record, and are 
perhaps not unfrequent. Teaching of this sort might induce farmers to 
let their sons remain at school a little longer than they are now con- 
tented to do for the sake of acquiring what they are apt to regard as 
unmarketable book learning. 


Experiments with these equivalent test liquors might be multiplied 
to an indefinite extent. Besides those which depend upon the action of 
two such liquors, you can, on the one hand, take a given quantity of a 
test acid, say' lO septems atom), and act upon it with various 

metals, oxides, carbonates, &c., and ascertain the quantity of salt pro- 
duced; gnd, on the other hand, you can, with the same quantity of 
a test alcaii, examine the saturating powers of various acids, and the 
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quantity of salt thus produced. With little trouble and with little 
expense, you can in this manner carry out a very extensive series of 
chemical researches, . You do not, indeed, make conflagrations and 
explosions at every step, you miss the thunder and lightning of the 
lecture-room, you escape from the hilarity of holiday chemistry ; but 
you gradually acquii*e the knowledge, the resources, and the power of 
the philosophical diemist. 








